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ABSTRACT 


Reecnmendations  for  opUm  BUttrUla  and  process  as  in  t he 
aanafaetnre  of  flat  almiina  faoaeyeosb  sandwich  tn  eade  go  tha  basis 
of  oasprahssi?a  stadias  of  a large  mabtr  of  laribptidsrt  variables. 

The  offsets  of  might  and  distribution  of  tha  adhesive  on 
hood  strength  are  described,  for  am  particular  test  vehicle,  •FM-U7* 
sdheslve  (aaimfbetared  tqr  the  Blooedagdale  Kdbbor  Co.).  Lass  oaap- 
"sh  Helve  stadias  are  oarrlad  out  co  other  adherivea  to  allow  sactxap- 
alatloa.  Thrm  adhesives  are  oveloated  la  pool  aad  flatwise  tensile- 
stznsngth  taste  at  alaveted  temperature. 

Optima  mthods  for  tha  application  of  liquid  adbasiuos  to 
twyoohb  aad  facings  are  developed  fm  aaqmiaaotal  stadias  and 
aareapa  of  onnparabla  opera tiom  la  other  ladiatme.  ftepmd  design 
layouts  of  id^wpndBctlni  aad  nedAm^rodactlon  cleaning  end  prlaiag 
eqnlpwent  far  facings,  and  of  prising  eqalpaiant  for  earn,  are  presort  on 
The  technical  aad  vleanl  agaa  of  prniiHali^  la  tha 

■trip  font  are  diaensaed.  Corrosion-reals  tent  as+^rlala  for  nl  mill  ig 
eipilj— it  ere  evalaated. 

A nueber  of  plqraioal  aad  rhesloel  cleaning  variables,  as 
well  as  tha  effect*;  of  storage  of  lladwa  ooret  and  facinge,  are 
stodied. 

The  effects  of  curing  tine,  tewperetwre,  and  pressure  on 
bond  streogth  are  evaluated.  Methods  for  correcting  or 
for  press  waxpage  aad  core  thl  rlmaae  irregularities,  baaed  on  experi- 
mental a todies  and  survey  data,  are  set  forth. 

Tho  effects  of  hoaayeawb  oell-sf.se  aad  thickness-sluing 
method  on  bond  strength  are  evaluated. 

An  exploratory  study  of  the  algal fi nance  of  sandwich  bond 
strength  as  a design  crlteriua  la  described. 
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DfTROPUCTIOH 


Tf  «i*9  of  adhesive- boodwd  aluminum  boneyeoafc  sandwich 
construction  in  ti/enft  hu  expanded  rapidly  In  the  past  few  year’s, 
and  promise*  to  continue  thle  expanaloe  at  an  eren  greater  rata.  The 
specialised  theory  and  practical  technology  of  thla  type  of  bonding. 

In  combination  vlth  lta  relative  nevneae,  soam  times  prevent  manufect.- 
urera  froei  achieving  full  utilisation  of  lta  advantages.  Many  firms 
who  have  achieved  control  of  their  processes  after  years  of  develop* 
want  and  training  ere  Justifiably  reluctant  to  sake  changes  which 
night  Jeopardise  thla  control. 

Although  experience  and  the  exchange  of  Information  have 
resulted  in  steady  progress  In  the  technology  of  sandwich  bonding,  there 
has  bean  a need  far  a concentrated  effort  directed  toward  the  Isolation 
and  control  of  critical  production  variables,  allowing  Increased  pro- 
duction of  uniformly  high  quality  materials  at  lower  cost,  and  with 
less  dependence  on  Individual  skills. 

The  basle  objectives  of  USAF  Contract  Mo.  AF  33(60C'- 23626 
are  Intended  to  fill  the  need  far  such  an  advancement.  These  objectives 
are  listed  as  follows: 

A.  Development  of  Improved  fabrication  methods, 
amenabl*  to  an  economical  expansion  potential 
In  the  event  of  total  mobilisation. 

B.  Reduced  production  costa. 

C.  Improved  quality  level  of  the  end  Item. 

The  scope  if  the  "statement  of  work"  of  the  contract  may 
be  outlined  acre  specifically  as  follows: 

1.  A comprehensive  preliminary  survey  covering  the 
latest  practices  and  methods  used  in  the  production 
cf  adhesive-bonded  sandwich  materials . 

2.  Development  of  a dependable  and  economical  cleaning 
and  priming  method  for  the  faying  surfaces  of 
sandwich  composite. 

3.  Determination  of  the  most  practical  adhesive  system 
for  general  production  use.  This  calls  for  evalua- 
tion of  cost,  availability,  physical  properties, 
and  ease  of  application  and  cure.  Heat-resistant 
adhesives  In  the  range  from  200°  to  500°  F are 
included . 

Evaluation  of  honeycomb  cell  size  with  respect  to 
production  costa,  physical  properties,  and  adhesive 
weight  In  sandwich  ccnposl'es. 
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5*  Development  of  a production  method  for  8 ©curing 
uniform  platan  curing  proa aura  on  flat  honeycomb 
sandwich  composite. 

6.  Collaboration  with  contractors  who  are  engaged  in 
evaluation  of  non-destructive  tasting  devices 

through  consultation  and  the  furnishing  of  test  > 

specimens. 

7.  At  the  conclusion  of  the  foregoing  developments,  tot 

a.  Evaluate  the  consistency  of  the  quality  of 
honeycomb  composite  produced  by  the  improved 
method*. 

i 

b Determine  production  cost  savings. 

c.  Recommend  tolerance  standards  for  core  thick- 
ness, platen  flatness,  and  curing-cycle  variables. 

l 

i 

d.  Prepare  an  efficient  production-layout  plan. 

? 

In  this  final  report  unde,  the  oontract,  the  work  has  been  pre- 
sented in  three  sections.  Section  I contains  th~  results  of  individual 
studies  of  process  and  material  variable* . Section  II  contains  the  results 
of  individual  studlsa  of  equipment  variables,  extrapolated  to  include  the 
development  of  high-production  techniques.  Section  III  contains  e general 
dlaousaloa  of  sandwich  bonding  practioes,  based  on  documented  experimental 
results  In  thin  and  other  projects,  and  on  survey  information  gained  from 
discussions  with  manufacturers . 


The  control  fabrication  and  test  conditions,  aa  well  as  the 
final  drafts,  of  proposed  specifications  for  automatic  processing  equip- 
ment, have  been  included  in  separate  appendices.  The  last  appendix  con- 
tains the  result*  of  exploratory  studies  of  the  significance  of  bond 
strength  ea  a design  property. 


SECTION  I 


PROPERTIES  OF  THE  BOND,  AS  INFLUENCED  HI  MATERIAL 
AND  PROCESS  VARIABLES 

SCOPE | DEFINITION  OF  TERMS t 

Tills  section  presents  the  results  of  studies  of  the  effects 
of  individual  material  and  process  variables  on  aluminum  honeycomb  sand- 
wich bond  strength*.  These  evaluations  were  used  jo  define  optimum  process 
conditions  which  could  be  applied  to  the  development  of  dependable  and 
economical  production  techniques.  Studies  of  individual  variables  have 
been  grouped  into  six  divisions  within  this  section. 

The  majority  of  the  evaluations  discussed  in  this  section  were 
based  on  the  results  of  peel  tests  and  flatwise  tensile  testa  performed 
on  specimens  cut  from  laboratory-site  sandwich  panels.  The  peel- Mat- 
ing device  used  in  the  project  was  a specially  built,  four- inch  drum- 
type  machine,  driven  by  a Tinius-Olsen  testing  machine.  The  peeling 
torques  in  inch-pounds,  required  to  remove  the  facings  from  three- inch- 
wide specimens,  were  recorded  autographically.  One- Inch-square  specimens 
from  the  panels  were  bonded  to  alumdnux  blocks  and  pulled  in  flatwise 
tension,  in  apparatus  similar  to  that  used  by  Forest  Products  Laboratory 
(reference  3U).  In  some  instances,  the  peel  and  tensile- strength  values 
were  divided  by  the  unit  weight  of  adhesive  in  the  panel  to  obtain 
"specific"  strength  values  which  were  equivalent  to  "strength-weight" 
ratios* 


Since  it  was  not  feasible  to  duplicate  the  evaluations  of 
individual  material  and  process  variables  in  several  adhesive-bonding 
systems,  one  system  was  used  as  a test  vehicle,  and  the  results  were 
augmented  with  exploratory  evaluations  of  other  adhesive  systems.  The 
choice  of  a suitable  adhesive  system  for  use  as  a test  vehicle  was  based 
on  the  results  of  a "Surrey  of  Existing  Methods",  conducted  in  May,  1953. 
It  was  found  that  fabric-reinforced  bonds  were  used  by  almost  every 
honeycomb  sandwich  manufacturer.  Usually  the  fabric  was  added  in  the 
form  of  a cloth-support  in  a dry  film  of  adhesive.  Two  "supported  film" 
or  "tape"  adhesive  systems  were  in  common  use  at  the  time  of  the  survey. 
The  majority  of  the  collected  information,  relating  to  process  variables 
and  physical  properties,  was  found  to  apply  to  the  "FM-ii7"  supported  film 
and  liquid  system,  supplied  by  the  Blooming  dale  Rubber  vipany  of  Chester, 
Pennsylvania.  It  was  decided  that  this  system  should  be  used  as  a con- 
trol vehicle  in  the  project,  in  order  to  take  advantage  of  the  maximum 
amount  of  existing  practical  technology. 

Although  the  trends  observed  in  the  "FM-U7"  system  are 
generally  representative  of  resin- plasticized  phenolic  adhesives  as 
a class,  quantitative  results  based  on  its  use  cannot  be  applied 
directly  to  other  formulations  within  the  class.  There  is  limited 
correlation  with  results  based  on  other  classes  (particularly  the 
"epoxy"  resins) * 

Detailed  discussions  of  the  conditions  of  fabrication  and 
testing  have  been  placed  separately  in  Appendices  I and  II  respectively. 
Whore  exceptions  to  the  control  procedures  occurred,  the  results  have 
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been  noted  accordingly.  In  most  cases,  an  abbreviated  listing  of  the 
control  conditions  is  included  with  the  results  of  each  evaluation. 

The  nomenclature  of  the  adhesive  bond  used  in  this  report 
includes  the  following:  "Core  prime"  as  used  here  implies  a relative- 
ly light  coating  of  adhesive  applied  to  the  top  edges  of  the  cell 
walls,  for  augmenting  the  strength  of  a film-type  bond.  A "bead"  or 
"heavy  bead"  refers  to  a heavy  deposit  of  core  prime,  applied  in  ouch 
a way  as  to  extend  over  the  tops  of  the  cell  Mills,  and  is  normally 
used  in  a "liquid  only"  bond.  "Film"  refers  to  a layer  of  dried  or 
semidr led  aahesive  of  uniform  thickness.  "Supported  films"  or  "tapes" 
are  those  films  which  contain  a fabric  reinforcement  (glass  scrim 
cloth,  cheesecloth,  etc.).  "Unsupported  films"  are  composed  of 
adhesive  alone,  with  no  fabric  reinforcement.  "Facings"  or  "skins" 
are  the  sheet  aluminum  surfaces  of  the  panel,  a "facing  ^rlme"  or 
"skin  prime"  is  a light  coating  of  adhesive  used  to  protect  the 
cleaned  facings  from  contamination  and  to  improve  adhesion  to  the 
facing. 


A:  EFFECT  OF  WEIGHT  AND  LOCATION  OF  ADHESIVE  ON  )OND  STRENGTH: 

The  individual  variables  studied  in  this  phase  Included  core 
prime  weight,  tape  weight,  cell  size,  core  prime  depth,  and  weight  of 
facing  prime. 

1.  Core  Prime  Weight,  Tape  Weight,  and  Cell  Size: 

The  first  ma.lor  experimental  program  undertaken  in  this 
phase,  and  in  the  project  itself,  was  a comprehensive,  combined  study 
of  the  effects  of  core  prime  weight,  tape  weight,  and  cell  alze  on  bona 
strength,  ms  reflected  in  room -temperature  peel  and  tensile  strength. 
This  program  involved  a large  number  of  panels  and  extended  over  s 
period  of  several  months.  Dried,  uncured  weight  of  core  prime  was  made 
the  Independent  variable;  tape  weight  and  cell  size  v re  parameters. 
Comprehensive  evaluations  were  performed  in  the  l/8-inch  and  l/U-inch 
cell  sizes,  using  a wide  range  of  tape  weights.  Evaluations  were  per- 
formed in  the  3/l6  and  3/8-lnch  cell  sizes  with  one  tape  weight  only. 

Core-prime  weight  was  adjusted  by  varying  the  number  of 
"passes"  through  a roller-coating  machine.  A constant  "doctor"  or 
metering  gap  of  0.030  inches  was  used  in  priming  all  of  the  cores  used 
in  the  "Adhesive  Weight"  program.  The  majority  of  the  cores  were 
primed  in  a 52-inch,  l/U-hp,  electrically  d riven "veneer  coating" 
machine,  having  a four- inch-diameter,  rubber- cove red  applicator  roll. 
Some  of  the  panels  made  later  in  the  program  were  made  from  cores 
primed  in  t.  smaller,  hand-operated  machine.  Discussions  of  these 
machines  are  included  in  Section  II-  Part  A,  and  Appendix  I. 

Hie  orime  depth  spoiled  at  a 0.030  inch  doctor-gap  setting 
on  the  power-driven  machine  varied  locally  from  approximately  0.010 
inches  to  0.035  inches.  The  depths  applied  in  the  hand-operated  machine 
were  found  to  be  somewhat  less,  but  the  cores  primed  in  the  two  machines 
were  considered  interchangeable  for  control  purposes  in  the  "Adhesive 


AF  33(600)-23626 


2 


I - A , Continued 


Weight"  program.  The  cores  primed  In  the  two  machines  could  not  be 
considered  interchangeable  where  "prime  oepth"  was  studied  as  an  in- 
dependent variable,  however..  See  Part  2 of  this  discussion,  entitled 
"Core  Prime  Depth1? . 

The  effects  of  adhesive  weight  and  cell  siae  are  shown  in 
tabular  form  in  Table  1,  and  graphically  in  Figures  1 through  18,  at 
the  end  of  this  discussion.  Note  that  the  tabular  presentation  shows 
the  type  of  failure  as  well  at  the  panel  serial  numbers  and  the  low- 
est readings.  Panels  in  this  table  are  grouped  by  tape  weights  in 
each  cell  siae,  and  are  arranged  in  increasing  order  of  core-prime 
weight,  within  each  tape-weight  group. 

The  "specific"  flatwise  tensile  and  peel  values  shown  in  the 
tables  and  graphs  were  obtained  by  dividing  the  observed  strengths  by 
tl  total  cured  adhesive  weight,  in  pounds  per  square  foot  of  panel* 

The  specific  values  may  be  interpreted  as  strength-weight  ratios,  or 
bond  efficiencies . The  dimensions  of  these  quantities  have  no  par- 
ticular significance . It  sir.  old  be  noted  that  the  'b  pacific"  strength 
or  strength-weight  ratio  of  the  bond  is  not  ♦he  most  important  cri- 
terion in  the  selection  of  an  optimum  bonding  system  for  a given 
sandwich  construction*  The  primary  purpose  of  the  bond  is  to  permit 
the  full  capabilities  of  the  core  material  and  the  facings  to  be 
r^iesd.  After  the  strength  requirements  of  the  bond  for  a partio- 
uxar  combination  of  core  and  facings  have  been  ascertained,  it  is 
then  desirable  to  aeek  a bonding  system  which  consistently  meets 
these  requirements  without  imposing;  a weight  or  coat  penalty. 

Figures  1 through  6 show  actual  and  specific  tensile  strengths 
•a  a function  of  dried,  uncured  core-prime  weight,  uncured  tape  weight, 
a ' cell  else.  The  next  six  families  of  curves,  Figures  7 through  12, 
show  actual  and  apeclfic  peel  strengths. 

Figures  13  and  lU  are  Interpolated  from  the  original  peel  and 
tensile  curves,  and  a how  cell  sice  as  the  independent  variable,  at  a 
tape  weight  of  0.079  lbs.  per  square  foot. 

Figures  15  through  10  show  peel  and  tensile  strengths  in  two 
cell  sices  as  a function  of  total  cured  adhesive  weight  in  the  bond. 
These  curves  were  derived  from  the  original  peel  and  tensile  curves  by 
computing  the  total  bond  weight  at  selected  values  of  uncured  tape  and 
core  prime  weights,  on  the  assumption  that  the  cured  weight  of  the  sum 
of  all  adhesive  components  was  O.85  times  their  un cured  weights.  (This 
figure  is  an  average  based  on  a large  sampling.) 
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Increases  in  adhesive  weight  in  the  form  of  either  core-prime 
weight  or  tape  weight,  brought  about  increases  of  peel  strength  and  flat- 
wise tensile  strength.  An  exception  to  this  rule  is  shown  in  Figure  7, 
where  the  dotted  portions  of  the  1/8  inch  cell,  peel  curves  tended  to  reach 
a maximum.  These  dotted  portions  are  known  to  represent  e condition  wherein 
the  adhesion  to  the  facing  itself  becomes  a limiting  factor.  It  is 
doubtful  that  adhesion  to  the  facings  actually  drops  off  as  core  -prims 
weight  is  increased,  as  the  dotted  curves  imply.  It  is  more  likely  that 
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the  curvatures  resulted  from  unintentional  variations  in  the  effective- 
ness of  the  cleaning  operation.  As  the  dotted  portions  represent  very- 
high  peel  strengths,  the  true  shape  of  these  curves  la  of  little 
importance. 

The  peel  strengths  of  the  panels  marked  with  asterisks.  In 
Table  1,  were  left  off  the  graphs  showing  peel  strength  vs.  core- 
prime weight.  The  peel  strengths  of  these  panels  appeared  to  be  lower 
than  normal  and  the  specimens  showed  relatively  high  percentages  of 
adhesion  failure  at  the  surface  of  the  facing.  The  fabrication  dates 
of  these  panels  fell  into  two  periods  when  the  cleaning  process 
appealed  to  be  out  of  control.  The  loss  of  control  is  fully  discussed 
in  Part  F of  3ection  I,  under  "Preparation  of  Facings". 

The  specific  flatwise  tensile  curves  indicate  that  a tape 
weight  of  the  order  of  0.05  lbs/sq.ft,  gives  the  highest  strength- 
weight  ratio  1 both  the  1/8 -inch  and  l/lrinch  cell  sises,  at  core -prime 
weights  in  excess  of  0.02  lbs/sq.ft.  The  "specific  peel  strength" 
curves  indicate  that  the  efficiency  of  the  bond  in  peel  strength  con- 
tinues to  increase  as  tape  weight  is  increased,  particularly  at  low 
values  of  cor- -prime  weights.  In  general  it  can  be  concluded  that 
lncreaaas  in  In  either  core-prime  weight  or  tape  weight  bring  about 
increases  in  peel  and  flatwise  tensile  strengths,  but  peel  strength  is 
more  directly  influenced  by  tape  weight. 

The  effect  of  cell  sise  car  be  interpreted  indirectly  fro* 
Figures  5,  6,  11,  and  12,  and  directly  from  Figures  13  and  lU.  Both  peel 
strength  and  tensile  strength  are  nearly  inversely  proportional  to  cell 
sise,  at  any  given  set  of  adhesive  weight  conditions.  (An  exception  to 
this  rule  occurs  where  adhesion  to  the  facing  limits  peel  strength.) 

Figures  15  through  18  do  not  present  new  data,  but  bliow  the 
previous  curves  in  a fora  which  may  be  more  readily  interpreted  by  those 
who  fire  accustomed  to  working  In  terms  of  total  cured  adhesive  weight. 
Ordinarily,  the  cured  weight  . of  adhesive  in  a typical  sandwich  bond  la 
approximately  O.lU  lbs  per  square  foot.  These  curves  show  the  effect  of 
variations  about  this  value. 

With  the  trends  exhibited  by  Figures  1 through  18  in  mind,  tue 
leader  may  aors  readily  interpret  the  wignif icance  of  the  trends  of  ths 
types  of  failures,  and  of  the  low  readings  in  Table  1.  The  system  of 
failure  designation  used  in  this  project  recognised  six  possible  types 
of  failure  within  the  bond  itself.  (See  Appendix  II  for  full  description, 
and  photograph a of  specimens).  Although  the  system  was  subject  to  aoan 
discrepancy,  definite  trends  were  observed.  Flatwise  tensile  failures 
in  the cFM-Vt* system  occur  between  the  tape  and  the  core,  almost  without 
exception.  Low  adhesive  weights  tend  to  bring  about  failures  in  adhesion 
at  the  cell  walls  thcmselvee.  Tensile  failures  in  the  core  material 
(usually  where  al  1/8-.0015  core  was  used  in  a heavy  bond)  were  not 
averaged  or  plotted,  since  they  did  not  give  quantitative  data  on  tha 
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effect  of  adhesive  weight,  but  only  indicated  qualitatively  that  the  bond 
was  adequate  for  the  core  material  in  question.  Peel  failures  tended  to 
be  more  randomly  distributed  throughout  the  fillet  structure  within  each 
specimen  and  from  specimen  to  specimen.  Where  adhesive  weight  was  high, 
and/or  a small  cell  sice  was  used,  peel  failures  tended  to  restrict  them- 
selves to  the  adhesive- to-facing  interface.  Conversely,  low  adhesive 
weights  and  large  cell  slr.es  exhibited  peel  failures  in  the  proximity 
of  the  cell  walls.  The  reader  should  overlook  the  panels  marked  with 
asterisks  when  studying  trends  of  peel  failures  in  Table  1. 

Because  only  three  or  four  peel  and  tensile  specimens  were 
taken  from  each  panel,  the  lowest  observed  readings  (expressed  in  the 
table  percents  of  the  mean)  are  not  by  themselves  statistically 
valid  Indications  of  consistency  of  quality*  but  collected  results 
from  large  numbers  of  panels  exhibited  important  trends.  In  each 
group  of  panels  In  Table  1,  particularly  in  the  lowei  tape  weights, 
there  is  evidence  that  the  lowest  observed  readings  increased  in 
relation  to  the  mean  readings  as  core  prime  weight  was  increased, 
which  may  be  interpreted  as  an  improvement  in  consistency  of  quality. 

There  was  a considerable  upgrading  in  the  low  readings  (percents)  as 
tape  weight  was  increased.  Cell  sise  had  no  obvious  effect  on  the 
consistency  of  quality  of  the  bonds. 

Although  the  cae  of  a supported  film  weighing  approximately 
0,05  lbs.  per  square  foot  affords  optimum  "strength-weight"  characteristics 
In  flatwise  Ensile  strength,  it  must  bo  remembered  that  strength-weight 
ratio  i a not  tl *3  most  important  criterion.  First  of  all,  the  bond  must 
be  strong  enough  to  develop  the  full  properties  of  the  core  material 
and  the  facings.  A tape  weighing  0,oj>  lbs.  per  square  foot  is  not  neces- 
sarily capable  of  meeting  this  requirement  in  ary  given  structure. 

Second!';  tha  bonding  system  as  a whole  must  remain  consistent  in 
quality,  under  reasonable  manufacturing  conditions.  It  has  been  found 
in  the  work  discussed  here,  and  ir.  Part  D of  this  section  ("Curing 
Cycle  Variables")  that  bonds  made  from  tapes  weighing  0.07  lbs.  per 
square  foot  present  significant  advantages  over  bonds  made  with  lighter 
tapes.-  in  consistency  of  quality  and  ease  of  manufacture.  These  ad- 
vantages appear  to  offset  the  slight  penalty  in  strength-weight  ratio 
imposed  by  Uolng  heavier  tapes. 

The  leek  of  experimental  coverage  of  tape  weights  between  the 
nominal  unit  weights  of  0.05  and  0.08  lbB.  per  square  foot  was  uninten- 
tional. Originally,  it  was  planned  to  teBt  tapes  weighing  (nominally) 
0.03  , 0.05  , 0.07,  0.09,  and  0.11  lbs.  per  square  foot.  The '6. 05* and ^0.07" 
tape*  were  nuandaid  items  and  were  to  have  received  the  most  complete 
coverage.  Although  two  lots  of  "0.07"  tape  were  ordered,  both  were  at 
the  high  end  o.  the  manufacturer's  weight  limits,  giving  an  average  weight 
of  0.079  lbs.  per  square  foot. 

The  results  have  indicated  that  the  fluctuations  in  tape 
weight  that  are  currently  tolerated  in  the  Industry  have  a signifi- 
cant effect  on  bond  strength.  In  the  course  of  the  project  many  rolls 
of  supported  film,  from  two  different  manufacturers,  were  cut  into 
relatively  small  pieces  of  known  area  and  weighed.  The  following  is  a 
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tabulation  of  unit  weight  of  10  inch  by  18  inch  pieces,  in  lba/nq.ft. 
observed  across  the  width  and  down  the  length  of  a typical  roll  of 
"0.07"  supported  film  of  "FM-U7"« 

UNIT  WEIGHT  OF  TAPE,  LBS/SQ . FT. 

ACROSS  WIDTH 


0.0705 

0.0835 

0.070 

0.065 

0.0675 

0.0765 

0.070 

0.067 

0.0693 

0.080 

0.070 

0.07U 

0.071 

0.082 

Significant  weight  gradients  are  in  evidence  in  this  rolls  Weight  grad- 
ients have  appeared  tc  be  particularly  obvious  at  the  tag  ends  of  the 
rolls.  It  can  be  concluded  that  more  attention  should  be  given  to  the 
control  of  tape  weight,  by  both  the  manufacturers  and  the  users  of  the 
material. 

It  is  apparent  that  the  average  unit  weight  of  a given  roll 
cannot  be  determined  satisfactorily  from  one  coupon  taken  from  the  end 
of  the  roll.  A better  determination  could  be  made  from  the  total  weight 
of  the  roll,  divided  by  the  total  area,  but  this  would  give  no  indic- 
ation of  local  fluctuations  or  over-all  gradients.  A further  refine- 
ment to  the  weight-control  system  would  be  the  removal  of  lateral 
strips,  approximately  two  inches  vide,  from  each  end  and  from  the 
center  of  each  roll.  These  strips  would  be  cut  into  four  equal  pieces 
to  be  weighed  individually.  The  application  of  statistical  quality- 
control  analysis  to  this  sampling  method  should  give  a realistic  in- 
dication of  the  weight  conditions  within  each  roll. 

Because  the  determination  of  local  unit  weight  on  a sampling 
basis  is  a time-consuming  destructive  test,  not  entirely  representative 
of  conditions  throughout  the  roll,  consideration  should  be  given  to  a 
continuous  non-destructive  method  permitting  1005t  inspection. 

It  is  suggested  that  the  maximum  tolerance  on  a supported 
film  having  a nominal  weight  of  0.07  lbs  per  square  foot,  be  made 
plus  0.01,  minus  0.005  lbs.  per  square  foot.  (These  limits  are 
designed  to  recognize  the  practical  limitations  of  existing  equip- 
ment used  in  the  manufacture  of  supported  adhesive  films,  and  are  wider 
than  what  would  otherwise  be  specified  to  assure  good  consistency  of 
panel  quality.) 

In  specifying  a core-prime  weight,  the  designer  should  note 
that  the  addition  or  a very  small  amount  of  adhesive  to  the  unprimed 
core  brings  about  a sti iking  increase  in  bond  strength.  Successive 
additions  of  core-prime  weight  bring  about  smaller  increments  of  im- 
provement in  strength.  Although  sandwich  structures  made  from  unprimed 
core  material  would  show  reduced  fabrication  costs,  the  strength- weight 
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efficiency  would  be  below  optimum,  and  there  might  be  some  danger  of 
bond  deterioration  or  corrosion  from  exposure  at  a later  date.  No 
exposure  tests  were  conducted  within  this  project  but  it  is  generally 
believed  throughout  the  industry  that  priming  enhances  the  resistance 
Of  an  adhesive  bonded  structure  to  corrosion. 

Since  very  light  core  primes  are  effective  in  promoting 
efficient  bonds  where  a substantial  tape  weight  is  used,  and  since  it 
is  impractical  to  attempt  to  maintain  weight-inspection  records  on 
core  primea  weighing  lesa  than  0.01  lba.  per  equare  foot,  is  is  recom- 
mended that  "complete  coverage"  be  specified  in  lieu  of  a given  weight 
in  all  panels  in  which  maximum  bond  strengths  are  not  required.  Primes 
applied  under  such  a specification  would  be  preaumed  to  require  only 
or.s  pass  through  a roller  coater  and  would  be  subject  to  viaual  in- 
spection only.  The  addition  of  dye  to  the  adhesive  would  be  man- 
datory here  to  facilitate  inspection.  Where  the  service  requirements 
on  the  panel  dictate  that  heavier  core  prime  weights  (0.01  to  0.03 
lbs.  per  square  foot)  be  used,  the  weight  should  be  specified. 

The  results  indicated  that  if  bond  strength  were  the  only 
consideration  in  the  design  of  a sandwich  panel,  the  smallest  possible 
cell  size  should  be  used.  Other  considerations  affecting  the  choice 
on  honeycomb  cell  sine  are  discussed  in  Part  "E"  of  this  section. 

2.  Core-Prime  Deptht 

An  important  dimesion  not  considered  in  the  study  repre- 
sented by  Table  1 and  Figures  1 to  18  ia  that  of  core-prime  depth.  The 
Importance  of  this  variable  became  increasingly  evident  as  the  work 
progressed,  and  was  quant  1 lively  determined  when  the  project  was 
approximately  half  completed.  Table  2,  at  the  end  of  this  discussion, 
presents  the  results  of  this  study.  Fight  cores  in  two  cell  sizes 
were  primed  in  the  hand-operated  roller  coater  (described  in  Section 
XI-A),  at  doctor-gap  settings  of  0.01!?  and  0.060  inches.  These  set- 
tings were  intended  to  provide  extreme  conditions  which  could  be  com- 
pared with  the  results  obtained  with  the  intermediate  "control"  doctor 
eetting  of  0.030  inches,  used  in  the  "Adhesive  Weight"  program.  It  was 
later  found  however,  that  the  depth  applied  with  the  0. 060-inch  setting 
was  less  than  the  depth  apnlied  with  the  control  doctor  setting,  making 
it  inadvisable  to  use  the  control  results  in  the  comparison.  This  in- 
congruity was  apparently  caused  by  a chanpe  in  priming  equipment j the 
majority  or  cores  used  in  the  "Adhesive  Weight"  program  were  primed  with 
the  power-driven  roller  coater,  not  the  hand-operated  model  used  in  the 
"Core  Prime  Uepth"  evaluation. 

The  depth  of  prime  on  each  slice  of  core,  estimated  with  the 
aid  of  a machinist's  scale,  was  from  0.010  to  0.015  inches  on  the  cores 
primed  with  the  smaller  doctor  setting,  while  the  range  on  the  deeper- 
primed  cores  was  from  0.015  to  0.035  inches.  The  method  of  estimating 
these  depths  wa3  crude,  but  a more  precise  method  was  not  justified  in 
view  of  the  fact  that  the  depth  within  each  Individual  cell  varied  over 
nearly  the  entire  range  of  observed  values.  later  work  indicated  that 
the  variations  could  have  been  substantially  eliminated  by  using  a 
coater  with  a special  "doctor-blade"  metering  system,  but  no  such 
machine  was  available  for  use  in  the  " core- prime-depth"  program. 
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The  peel  and  tensile  results  shown  In  Table  2 are  expressed 
as  both  "actual" and  "specific"  strength  values j the  latter  representing 
strength- weight  ratios  in  effect.  Before  interpreting  these  results,  it 
should  be  noted  that  the  number  of  coating  passes  was  not  constant  in 
the  evaluation.  The  number  of  passes  was  doubled  on  the  shallow- primed 
cores  in  an  attempt  to  keep  the  prime  weights  nominally  the  same  on  each 
cell  sise,  but  the  deeper  primes  were  nevertheless  heavier.  The  " specif io" 
strengths  were  substantially  higher  where  the  depth  was  shallow,  even 
though  the  lighter  coatings  on  these  cores  would  be  expected  to  reduce 
their  strength-weight  ratios.  The  bond  strengths  on  the  "shallow*’  and 
"deep"  cores  in  each  cell  sise  were  substantially  the  same.  The  strengths 
developed  by  the  "shallow- primed"  cores  would  undoubtedly  have  been  lower 
if  the  number  of  coating  passes  had  not  been  doubled , however. 

The  change  in  priming  equipment  mentioned  previously  in  this 
discussion  brought  about  an  indirect  confirmation  of  the  results  present- 
ed in  Table  2.  Cores  primed  throughout  the  latter  part  of  the  project 
displayed  shallower  prime  depths  than  did  the  cores  primed  for  the  ad- 
hesive-weight program.  Bond  strengths  obtained  from  the  later  cores  were 
nearly  always  higher,  under  any  given  set  of  weight  conditions,  than  could 
be  predicted  from  the  results  of  the  "Adhesive  Weight"  program.  The  levels 
of  the  curves  in  this  program  (Figures  1 - 18)  were  undoubtedly  defined 
by  the  depth  of  prime  in  the  _cores . 

It  may  be  concluded  that  the  use  of  a shallower  core  prime 
would  conserve  adhesive  and  minimise  the  weight  of  the  finished  panels 
but  the  increased  number  of  coating  passes  required  to  achieve  a given 
level  of  bond  strength  in  a shallow  prime  system  would  tend  to  offset 
these  advantages. 

Shallow  core  primes  have  one  obvious  advantage,  not  specific- 
ally evaluated  in  this  project,  in  that  there  is  much  less  danger  that 
cell-wall  perforations  may  be  blocked  off  with  adhesive,  where  thin 
(approximately  3/16  inch)  panels  are  bonded. 

Although  the  increased  production  cost  of  applying  extremely 
shallow  core  primes  does  not  appear  Justified,  it  is  apparent  that  a reason- 
able limit  on  depth,  as  well  as  a set  of  unit  weight  limits  that  is 
within  the  practical  limits  of  available  equipment,  should  be  defined  in 
specifications  for  primed  core  material.  With  some  of  the  priming  equip- 
ment currently  in  use,  the  depth  is  very  irregular  and  an  accurate  determ- 
ination of  the  average  is  nearly  impossible.  A an  interim  specification 
figure,  it  is  suggested  that  the  shortest  observed  depth  be  held  to  a 
maximum  of  1/6U  inches.  Whera  optimum  equipment  (presumed  to  be  a roller 
coater,  metered  with  a blade)  is  available,  a nominal  depth  of  0.025 
inches  should  be  snecified.  It  should  be  noted  that  core  prime  depths 
of  l/l6  inches  have  sometimes  been  called  for,  apoarently  in  the  belief 
that  a large  figure  is  more  conservative.  Many  process  specifications 
call  for  a given  weight,  but  do  not  specify  depth.  The  actual  depths 
realised  under  this  type  of  specification  are  likely  to  be  excessive, 
because  less  effort  is  required  to  apply  a deep  prime  of  any  given  weight. 
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3.  Facing-Prime  Weightj 

An  evaluation  of  the  effect  of  facing  prime-weight  is  pre- 
sented in  Table  3 at  the  end  of  this  discussion.  The  bond  efficiencies 
developed  from  lightly  primed  (0.003  to  0.008  lbs  per  sq.  ft.)  and 
unprimed  facing  areas  are  compared.  Two  of  these  conditions  were  rep- 
resented in  each  panel,  separated  by  a line  of  demarcation  drawn  on 
the  facings.  The  extreme  conditions,  "unprimed"  and  "heavily  primed" 
were  not  incorporated  ir.  the  same  panels.  The  evaluations  were  duplicated 
in  the  l/8-inch  and  l/ij-inch  cell  sizes,  with  various  core-prime  and 
tape  weights.  The  order  of  presentation  in  Table  3 is  by  increasing 
total  cured  adhesive  weight  in  each  group. 

Quantitative  comparisons  of  the  two  prime  conditions  are  based 
on  the  strength-weight  ratios  ("specific"  strengths)  on  each  aide  of  the 
line  of  demarcation.  Since  a lightly-primed  area  was  incorporated  in 
eaoh  panel,  the  specific  strength  values  in  the  lightly- primed  areas  were 
made  the  denominator,  in  the  two  ratios  denoted  in  Taole  3 as  Tione/Light" 
and  "Heavy /Light" . 

Analyzing  ^ne  "None  vs.  Light"  results  in  Table  3,  it  can  be 
seen  that  the  efficiency  of  the  bond  in  peel  strength  was  generally  lower 
where  no  prime  was  applied  to  the  facing.  The  facing  prime  assumed 
morn  structural  importance  in  the  small  cell  size  and  in  heavier  adhesi/e 
lines,  where  the  bond  to  the  core  became  strong  enough  to  cause  failure 
to  occur  in  adhesion  to  the  face.  In  the  l/U-inch  cell  size,  the  facing 
prime  was  less  effective  in  upgrading  peel  strength-weigh t efficiency 
than  in  the  l/8-inch  cell  size.  Flatwise  tensile  strength  in  either 
cell  size  showed  little  or  no  improvement  when  a prime  was  added. 

Increasing  the  facing-prime  weight  from  "light"  to  "heavy4' 
did  not  generally  improve  the  efficiency  of  the  bonds  in  peel  strength. 
Increases  in  facing-prime  weight  had  no  marked  effect  on  flatwise  ten- 
sile strength  in  the  results  shown  in  Table  3« 

The  following  conclusions  can  be  drawn  from  the  results 
presented  in  Table  3« 

(1)  The  addition  of  an  adhesive  prime  coat  to  the  surfaces 

of  the  facings  generally  improves  the  peel  s treng th- weight 
ratio  of  the  bond  but  has  little  effect  on  flatwise 
tensile  strength, 

(2)  The  over-all  s treng th-weight  ratio  of  the  bond  is  not 
increased  by  using  heavy  facing  primes  in  preference  to 
light  ones. 

It  is  generally  believed  in  the  industry  that  the  addition 
of  a prime  brings  about  increased  resistance  of  the  bond  to  weathering 
or  corrosion  attack,  but  this  factor  was  not  evaluated  in  the  project. 

A crime  is  also  known  to  impart  protection  from  fingerprint  contamination 
to  the  chemically  prepared  metal  surfaces,  although  it  is  not  recommended 
that  primed  surfaces  be  subjected  to  indiscriminate  handling. 
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* of  puula  narked  with  uttrlak  vwrw  believed  to  Ian  been  adversely  affected  by  deterioration 

of  cleaner  solution,  and  wars  not  Included  In  graphs. 

Conditions  of  fabrication i 

Paclngsi  Alolad  2E8-T3 , 0.016  Inches  thick. 

Coral  A1  1/8-0.0015  , A1  1/8-0.006  , A1  3/16-0.008  , 41  1/4-0.003  , A1  3/0-0.003  , 

all  "expanded -type" , cut  0.685  lochas  thick. 

Cleeningi  Pacings  decreased  10  ainutea  In  hot  alkaline  cleaner,  lMersed  5 alnutes  in  sulfuric 
acld-sodlua  dlnhroaata  solution  at  l4o'P,  hot  spray  rinse  (solution  coneeutrutloos 
were  known  to  have  varied  significantly  throughout  the  prograa). 

Cora  rater lal  res  not  cleaned . Storage  and  exposure  conditions  vara  not  salntalnel 
constant  throughout  the  prograa. 

Priming  1 Pacings  wars  brush -primed  with  dilute  solutions  of *PK-47",  force-dried  with  hot-air  gun 
Core  was  primed  in  roller  coster  and  air  dried  (depth  vu  0.015  inches,  approx. , but 
was  not  held  constant).  ( Prime  and  tape  weights  shown  In  table  are  uncured.) 

Cure  1 5 ainutea  at  3 - 4 pal,  60  alnutes  at  35  pal,  345*t5*P. 

Specimens  1 3 to  4 each,  peel  - -j  tensile. 
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FIGURES  15  !»  16 1 FLATWISE  TEKSILE  AND  PEEL  STRENGTHS  vs.  TOTAL  CURED 
WEKgg  OF1M-UT1  1/6  CfcLL.  (Prcxn  Pigs.  1 L 7)-  KcTngsx  Alclad  255 
T3,  0.616"  thick,  primed”to  0.002  lbs/sq.ft.  All  weights , except  total 
weight,  are  dried,  uncured.  Core-prime  weights  Include  both  sides. 
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gJTTBL-T  or  T»lU7*7ACnW-PRI>R  WEIGHT  OH  SAITOVICH  BOITO  3TRPKJTH 
(Lightly  prlned  amt  adjacent  to  either  unpriced  or  heavily  prlned 
am#  in  each  10  Inch  r 18  Inch  panel.  Peels  run  icnxi  line  of 
deaarcatlon)  ten* lies  pulled  froa  each  (Ida  of  llna  of  deaorcatlon 
*PN-b7*tape  velgbt,  prlne  vslght,  and  call  alaa  variable . ) 

Explanation  of  failure  Codlngi 
A - "Adhesion" 

AC  - "Adhesion  and  cohesion  nixed* 

C - "Cohen Ion” 
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SECTION  I,  Continued 


B - FACT NO  PRIME  VARIABLES! 

The  effect  of  weight  of  facing  prime  in  a tyoical  sandwich 
bond  was  discussed  in  Part  A of  this  section.  Studies  of  several  ether 
facing  prime  variables  conducted  on  "three- tape"  panels  (peel  strength 
at  adhesive-to-facing  interface  only)  are  presented  in  Tables  U through 
6 at  the  end  of  this  discussion.  A study  of  the  effect  of  dye  in  the 
priming  solution  is  shown  in  Table  U.  The  purpose  of  the  evaluation  was 
to  determine  if  this  change  in  fabrication  procedure  had  caused  any  loss 
of  control  of  bond  strength  results  obtained  in  the  project.  In  the 
same  evaluation,  "FM-U5"  was  compared  with  "FM-U7"  as  a facing  prime,  in 
the  belief  that  it  might  give  somewhat  superior  adhesion  to  the  facing. 
From  the  limited  results  shown  in  Table  U,  there  does  not  appear  to  be 
any  advantage  in  using  "FM-U7"  tape  with  a prime  of  "FM-U5",  and  there 
does  not  appear  to  be  any  obvious  structural  disadvantage  in  dyeing  the 
priming  solution.  The  experiment  cannot  be  construed  to  imply  that 
either  formulation  is  superior  as  a sandwich  adhesive. 

Since  a strong  color  is  very  desirable  in  a prime  (particularly 
a facing  prime)  to  facilitate  inspection,  the  contractor  recommends  that 
adhesive  manufacturers  consider  the  possibility  of  qualifying  their 
formulations  with  a dye  already  in  solution.  The  dye  intensity  should 
be  capable  of  rendering  a strong  coloration  to  a coating  weighing  0.002 
lbs/sq.ft.,  (dried)  on  an  aluminum  surface.  The  particular  dye  used 
here  ("OIL  KF.D  '0'",  manufactured  by  the  National  Aniline  Co.)  is  not 
readily  soluble  in  the  thinner  and  wa3  not  thoroughly  evaluated  to 
determine  if  any  detrimental  effects  might  result  from  its  use.  Dyes 
which  are  considered  for  use  in  metal  adhesives  should  bo  evaluated  to 
determine  their  possible  effects  on  corrosion  resistance. 

A third  variable,  explored  i Table  h,  wa3  the  effect  of 
precure.  The  conditions  of  fabrication  were  the  same  as  in  the  " ' M-U7 • 
undyed"  panels  except  that  the  primed  facings  were  given  an  oven  cure  for 
3 5 minutes  at  32^°K,  whereas  the  primeci  facings  in  the  other  groups  were 
force-dried  only.  The  average  peel  strength  of  IbS  inch-lbs.  obtained 
from  the  three  panels  was  lower  than  in  any  of  the  other  groups.  It 
wa3  tentatively  concluded  that,  procuring  the  facing  prime  tended  to 
lower  peel  strength  but  it  was  decided  to  perform  a more  thorough  study. 

A further  study  of  the  effect  of  precure,  and  of  storage  before 
and  after  precure  is  presented  in  Table  S.  Procuring  time  at  was 

varied  from  7.ero  to  sixty  minutes  on  two  groups  of  panels, which  wore 
then  stored  for  three  days  and  seventeen  days,  respectively.  In  both 
groups,  thn  peel  strengths  struck  a minimum  at  an  oven  time  of  approxim- 
ately two  minutes.  (The  minimum  was  still,  within  the  range  of  "optimum" 
peel  values  observed  throughout  the  project.)  Peel  strengths  again 
came  up  to  the  original  "no-preeuro"  levels  after  five  or  ten  minutes. 

A definite  accompanying  trend  can  be  seen  in  the  characteristics  of 
the  failures.  Apparently,  the  prime'3  strength  in  adhesion  increased  in 
comparison  to  its  strength  in  cohesion,  when  precure  time  wan  extended. 
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The  extended  storage  after  precure  reduced  peal  strength  by  approx- 
imately six  percent.  Panels  UlO  and  lill,  which  received  a long  stor- 
age before  a five-minute  precure,  exhibited  a peel  strength  loss  of 
only  two  percent  as  a result  of  the  storage.  These  results  contra- 
dicted the  tentative  conclusion  that  long  precures  downgrade  peel 
strength. 

The  last  evaluation  in  the  series,  presented  in  Table  6, 
dealt  with  precuring  and  finger-handling  of  the  prime  as  parameters, 
and  also  determined  the  protective  effect  of  a paper-backed  polyethylene 
"interleaf",  laminated  to  the  prime.  (The  evaluation  of  the  interleaf 
was  in  conjunction  with  an  unsuccessful  attempt  to  develop  a method 
for  continuously  laminating  paper-backed  polyethylene  to  the  facing 
prime  in  a machine  used  for  cleaning  and  priming  coil  stock.)  As  in 
the  case  of  ths  "Facing  Prime  Weight"  panels  (Section  I,  Part  A - 3)» 
two  test  conditions  were  incorporated  in  each  panel,  separated  by  a 
line  of  demarcation.  Paper-backed  polyethylene  was  laminated  under 
heat  and  pressure  over  one  half  of  the  surface  of  each  primed  facing. 

The  unprotected  portions  of  four  of  the  primed  facings  were  covered 
profusely  with  fingerprints  by  six  laboratory  and  office  workers. 

(It  should  be  noted  that  these  persons'  hands  were  relatively  clean.) 
Another  four  facings  having  protective  coverings  laminated  to  half 
of  their  primed  surfaces,  received  no  fingerprint  contamination  what- 
soever. The  paper-backed  polyethylene  was  then  stripped  from  all  eight 
of  the  teat  facings.  Eight  "three- tape"  panels  incorporating  these 
facings  were  bonded  and  tested  in  peel. 

The  peeling  torque  representing  the  conditions  on  each  side 
of  the  line  of  demarcation  have  been  presented  in  separate  columns  in 
Table  6.  In  every  case,  the  peel  strength  in  the  protected  area  was 
higher  than  that  in  the  unprotected  aroa.  Fingerprints  on  the  surfaces 
lowered  peel  strength  only  about  two  percent  below  the  values  observed 
on  the  unprotected  areas  which  were  not  handled.  A third  trend  observ- 
able in  Table  6 is  an  upgrad ing  of  peel  strength  by  a short  precure, 
contrary  to  the  results  of  the  previous  evaluation. 

The  three  evaluations  of  the  effect  of  facing  precure  on 
peel  strength  (Tables  U,  5,  and  6)  gave  generally  contradictory  results 
each  time,  but  the  magnitudes  of  the  upward  and  downward  gradients  in 
the  latter  two  evaluations  were  small,  while  the  large  drop  shown 
in  the  first  evaluation  was  probably  a manifestation  of  other  uncontrolled 
test  conditions.  The  following  general  conclueions  can  be  drawnt 

1.  The  precuring  performed  on  the  facing  prime  may  either 
increase  or  decrease  peel  strength,  but  the  variation  is 
small. 

2,  An  increase  in  the  duration  of  the  precure  of  the  facing 
prime  causes  the  strength  of  the  bond  in  adhesion  to  in- 
crease with  respect  to  its  strength  in  cohesion. 
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3. 


Fingerprints  applied  to  the  primed  surface  of  the  facing 
by  persons  with  relatively  clean  hands , did  not  bring 
about  large  reductions  in  peel  strength,  (It  is  not 
recommended  that  primed  surfaces  be  handled  with  the 
bare  fingers.) 


A film  of  polyethylene,  laminated  under  heat  and 
pressure  to  the  facing  prime  coat  appears  to  afford 
positive  protection  to  the  surface  during  storage  and 
handling.  Its  use  would  not  ordinarily  be  justified, 
however. 


Other  variables  in  connection  with  the  facing  prime,  which 
do  not  direotly  influence  bond  strength,  are  discussed  in  Section  II, 
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TABL&  5 

OF  FACING -PRIME  FRBCUPE  ON  ADHESION 


Surface  Preparation i Thorough  alkaline  cleaning,  followed  by  5 tain,  in  agitated 
•ulfurie  acid  - sodium  dichronate  solution,  at  l40*F. 

Priming:  One  brush  coat,  "FM-V^adhewive  in  equal  part  of  *FM -47“  thinner,  on  warmed 
(120*F  approx.)  facing;  dried  in  circulating  oven  6 l60*F. 

Facing  Curing i Circulating  oven  at  300*F,  variable  time. 

Panel  Cure:  5 min.  at  contact  pressure;  60  min.  at  33  pal,  345*F. 

Materials:  Facings  - ale lad  24s -T3 , 0.0l£  thick. 

Adhesive  « Three  layers  heavy "EM -47' tape. 

Core  - AL-l/8- .002  cut  0.623  thick. 


.002  None 
3 2 
3 5 

15 
60 


.002  None 
.002  2 
.002  5 
.002  15 
.002  60 


211 

92 

50 

50 

193 

91 

50 

50 

200 

90 

30 

70 

219 

95 

15 

85 

223 

87 

10 

90 

200 

91 

50 

50 

l8o 

93 

45 

55 

202 

93 

40 

6o 

202 

89 

30 

70 

199 

83 

10 

90 

197 

88 

40 

6o 

193 

81 

4o 

6o 

I 

J 


* Seventeen  day  storage  periods  consisted  of  seven  days  wrapped  in  Kraft  paper 
and  ten  days  exposed  to  laboratory  atmosphere. 


**  Two  three-inch-wide  specimens  per  panel  in  4"  drum,  autographic  tester. 


AF  33(600)-23626 


TABUS  6 


EVALUATION  OF  PROTECTION  TO  FACING  PRIMS 
AFFORDED  BY  LAMINATED  POLTBTHf LETE  INTERLEAF 


Surface  Preparation t 


Printing  i 


Polyethylene  Application t 


Contamination  i 


Panel  Cure! 


Materials  t 


Thorough  alkaline  cleaning  followed  by  3 minutes 
in  agitated  sulfuric  acid  - sodium  dlohronate 
solution  at  l60*F.  One  minute  cold  rinse. 

One  brush  coat  -47*  adhesive  in  equal  part 
thinner  on  warned  facing,  dried  gently  with 
hot  air  gun.  Average  prime  weight-0.002  lbs/sq.ft. 

Paper-baoked  poly,  pressed  to  half  of  each  facing 
with  blotter  stock  pads  st  200*F|  2 min.  at  10 
pal,  then  2 min.  at  50  pel.  (First  cycle  did  not 
cause  polyethylene  to  adhere) 

Exposed  halves  of  facings  covered  with  finger- 
prints by  six  persons,  after  precure.  (Four 
panels  only) 

5 min.  st  contact  pressure,  60  min.  st  3$  psi, 
3*»5*F. 

Paclnge  - Ale lad  2US-T3,  0.016  in.  thick 
Adhesive  « Three  layers  of  heavy "FM-47* tape 
Core  - A1-1/8-.0C2  cut  0.625  in.  thick 


PACINO  PREPARATION 

THREE -INCH  PEEL  DATA 

Protected  Area 

Exposed  Area 

1 

Failure 

Failures 

J 

at  Facing 

at  Facing 

JR 

Precure 

Avg. 

Avg. 

a 

Contamination 

at 

Ad 

Co 

Ad 

Co 

i 

300*F. 

In-# 

Pot. 

Pet. 

In-# 

Pet . 

Pet. 

571 

570 

none 

H 

39* 

IF 

50 

55 

55 

30 

45 

70 

Fingerprinted 

65 

569 

(after 

2 min. 

l87llAe 

50 

50 

i&W 

35 

572 

precure) 

M 

102)185 

45 

55 

30 

70 

565 

none 

173\ , ^ 

55 

45 

!64) 

50 

50 

566 

179) 176 

50 

50 

167) 166 

55 

45 

567 

568 

None 

2 min. 

II 

sS* 

50 

50 

50 

50 

i=r 

CC 

H 

H H 

50 

60 

50 

40 
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SECTION  I - Continued 


C - EXPLORATORY  EVALUATIONS  OF  SANDWICH  ADHESIVES i 


Table  7,  at  the  end  of  this  discussion,  shows  the  adhesives, 
methods  of  application,  and  curing  cycles  used  by  several  of  the  major 
sandwich  manufacturers  covered  in  the  "Survey  of  Existing  Methods",  in 
April  1953.  Three  basic  types  of  formulations  are  represented  here. 

The  "FM-U7"  supported  film  and  liquid  system  was  selected  for  use  as  n 
test  vehicle  in  this  project  because  the  greatest  amount  of  detailed 
"process  specification"  data  collected  in  the  survey  was  found  to  apply 
to  its  use* 

The  usual  criterion  used  in  selecting  an  adhesive  for  sand- 
wich  bonding  is  the  Military  Specification  based  on  lap-shear  bonds. 
There  is  much  evidence  compiled  in  this  project,  and  by  other  agencies, 
to  suggest  that  the  specification  in  itself  is  not  an  adequate  criterion 
for  sandwich-bonding  adhesives*  A number  of  adhesives  that  display 
acceptable  properties  in  terms  of  a specification  based  on  lap-shear 
teats  have  given  generally  poor  results  when  used  in  sandwich  bonding. 

It  is  understood  from  outside  sources  that  the  converse  might  also  be 
true,  i.e.  that  some  adhesives  that  are  suitable  for  use  in  sandwich 
are  unable  to  qualify  under  the  lap-shear  specification. 

There  are  a number  of  fundamental  differences  between  the 
conditions  of  honeycomb -sandwich  bonding  and  continuous -surface  bonding. 
A honeycomb- sandwich  bond  is  essentially  a network  of  filleted  "T" 

Joints.  The  extreme  edges  of  the  aluminum -foil  cell  walls  present  a 
negligible  surface  area  for  adhesion,  and  for  the  transmission  of  bond- 
ing pressure  through  the  resin.  Although  the  flowing  and  filleting 
characteristics  of  the  adhesive  formulation  are  of  little  importance 
in  continuous -surface  bonds,  it  is  essential  that  sandwich  adhesives 
flow,  without  the  external  application  of  pressure,  into  the  corners 
formed  by  the  facings  and  the  cell  walls.  Furthermore,  honeycomb 
sandwich  bonds  have  substantially  more  bulk  or  mass,  and  have  large 
free  surface  areas  for  the  evaporation  of  solvent*  and  reaction 
products. 

Several  exploratory  investigations  of  adhesives  were  performed 
in  the  project.  The  intent  in  performing  ti.ese  investigations  was  not 
to  attempt  to  define  or  qualify  the  properties  of  individual  formula- 
tions, but  to  obtain  some  indication  of  the  general  suitability  of 
various  types  of  formulations  for  sandwich  bonding.  In  most  cases  the 
investigations  are  not  sufficiently  complete  to  give  a fair  evaluation 
of  the  merits  of  any  individual  formulation.  Table  8 shows  peel  and 
tensile  strengths  observed  in  panels  made  with  various  adhesive  systems* 
First  among  these  is  "U22"  (Shell  Development  forp.).  This  adhesive, 
developed  under  military  sponsorship,  exhibits  unusually  high  lap-shear 
properties  at  high  heat.  The  tabulated  results  indicate  that  the  flat- 
wise. tensile  strengths  obtained  from  sandwich  bonds  made  with  "U22"  tape 
are  of  generally  high  order.  Peel  strengths  on  the  other  hand  are  in 
a consistently  low  range,  and  do  not  appear  to  ba  influenced  by  adhesive 
weight,  or  to  a large  extent  by  cell  sise.  It  should  be  noted  that  all 
of  the  "U22"  panels  represented  in  this  tabulation  had  high  adhesive 
weights,  even  though  a single  layer  of  tape  was  used  in  the  bonds  with- 
out primes. 
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Bdfo re  leaving  the  discussion  of  the  *k22”  formulation, 
refers nos  should  bs  made  to  the  curres  in  Figures  ?3  and  24.  Hera  tha 
flatwise  tensile  and  peel  strengths  of  panels  mads  with  "FM-47*  and 
"422"  are  mown  plotted  as  a function  of  test  temperature. . It  is 
apparent  that  "422"  retains  a considerable  amount  of  its  strength 
at  temperatures  as  high  as  500*F.  It  should  also  be  noted  that 
lap-shear  bonds  made  from  the  same  formulation  retain  higher  per- 
centages of  their  strength  at  these  temperatures,  according  to  re- 
sults published  in  other  reports.  The  flatwise  tensile  strength  of 
the  ^FM-47- bonded  panel  drops  off  relatively  steeply.  The  percents 
of  strength  retained  by  *FM -47*  bonded  panels  at  various  test  tempera- 
tures are  also  significantly  less  than  the  percentages  retained  in 
lap-shear  bonds  made  with  the  same  formulation.  It  is  of  particular 
importance  to  note  that  the  *FM  -47*  bonded  panel  was  cured  in  a cycle 
which  is  believed  to  be  optimum  for  obtaining  high  -heat  properties 
(seu.  Part  0 of  Section  I). 

Figure  24,  in  which  the  relationship  between  peel "strength 
and  test  temperature  l'a  plotted,  shows  that  the  low  peel  strengths 
Inherent  in  "422"  bonds  do  uot  increase  as  test  temperature  is  increased. 
*FM-47fon  the  other  hand,  shows  aaaclraum  peel  strength  at  approximately 
150*F.  The  subsequent  drop-off  at  higher  temperatures  is  relatively 
unimportant  in  view,  of  the  fact  that  the  flatwise  tensile  values  at 
higher  temperatures  are  of  a low  magnitude. 

It  may  be  noted  in  Figure  24  that  both  of  the  lFM-47"npeel  vs* 
test  temperature"  curves  show  very  steep  upward  slopes  at  room 
temperature,  suggesting  that  the  peel  strengths  at  reduced  tempera- 
tures might  be  critical. 

In  an  attempt  to  upgrade  the  peel  properties  of  the  "422" 
formulation,  a special  tape  with  a loose -weave  scrim  cloth  was  used  in 
one  panel.  The  fabric  used  in  the  standard  tape  has  a very  close  weave, 
and  it  was  thought  that  this  might  have  been  a possible  cause  for  the 
loV  peel  strengths  observed  in  this  formulation.  The  special  lot  of 
tape  made  with  open-weave  "ecrim"  cloth  was  of  unusually  heavy  weight, 
and  it  la  significant  to  note  that  no  improvement  in  strength  was  * 
brought  about  by  either  the  change  In  cloth  or  the  increase  in  weight. 

It  appears  that  in  very  rigid  formulations  of  the  type  represented  by 
"422"  adhesive,  bond  strength  is  not  sensitive  to  bond  weight,  contrary 
to  the  results  observed  with  leas  rigid  f ormulationC . Thi* 
conclusion  is  confirmed  by  the  results  observed  when  the  weight  of  the 
"unfilled  epoxy"  formulation  was  varied.  Peel'  strength  in  this  instance 
showed  no  correlation  with  bond  weight.;  the  effect  of  bond  weight  on 
flatwise  tensile  strength  was  not  clear.. 

Four  adhesives  in  Table  8 are  of  tha  "epoxy"  type,  or  modifi- 
cations thereof.  The  first,  "ETON  VUI"  (Shell  Chemical  Corporation), 
showed  generally  high  values  of  flatwise  tensile  strengths,  and  relatively 
low  values  of  peel  strengths.  This  characteristic  is  typieal  of  most 
epoxy  formulations  which  have  not  been  plasticised  in  some  manner. 
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Three  conditions  were  incorporated  in  the  "BPON  VIII*  panel* • 
In  panel  No.  U02  the  adhesive  was  applied  directly  to  the  facings,  and 
no  primes  or  fabric  reinforcements  were  used.  In  panel  No*  b03,  ad- 
hesive < a spread  onto  cheescloth  stretched  over  the  facing.  This 
modification  was  observed  to  bring  about  an  increase  in  peel  strength) 
tensile  strength  appeared  to  have  been  downgraded,  however.  In  panel 
No*  bOl*  the  adhesive  was  again  spread  over  cheesecloth,  but  in  this  in- 
stance, both  the  facings  and  the  core  had  been  primed  with  "FM-U7", 
in  the  belief  that  peel  strength  might  be  upgraded.  Although  a slight 
improvement  in  peel  strength  was  in  evidence,  it  is  doubtful  that  this 
could  be  attributed  to  the  addition  of  the  prime,  since  the  peel  fail- 
ure was  cohesive,  in  all  cases. 

The  "epoxy  modified  with  'THIOKOL  LP-3’*  was  tested  in  the 
belief  that  it  might  exhibit  a good  "filleting"  action.  As  a general 
rule,  it  ia  very  desirable  that  a sandwich  adhesive  tend  to  "fillet" 
or  "gather"  at  the  comers  formed  by  the  cell  walls  and  the  facing. 

This  region  is  the  only  part  of  the  bond  stressed  as  the  panel  is 
loaded,  and  it  is  structurally  and  economically  desirable  to  confine 
the  adhesive  here.  The  ""THEOKOLt-modified-epoxy"  adhesive  displayed 
good  filleting  characteristics  but  its  peel  strengths,  with  and  with- 
out a scrim  cloth,  were  low.  Since  tensile  strengths  were  satisfact- 
ory, a further  development  of  this  type  of  adhesive  to  develop  higher 
peel  strength  might  be  .-Justified. 

The  adhesive  designated  as  "unfilled,  clear  epoxy"  displayed 
the  filleting  characteristic  but  was  very  brittle.  It  also  displayed 
another  characteristic,  which  would  rule  it  out  of  any  sandwich  bond- 
ing application.  At  curing  temperature  (which  in  this  case  was  of  a 
very  low  order)  the  adhesive  was  lowered  in  viscosity  to  a point  where 
it  flowed  down  the  cell  walls.  The  majority  of  adhesive  was  found 
later  to  have  deposited  on  the  lower  facings.  In  panel  No.  72,  a 
sorim  cloth  was  added  in  the  belief  that,  the  flow  might  be  inhibited, 
and  peel  strength  might  be  upgraded.  Although  seme  of  the  adhesive 
at  the  top  facing  remained  filleted  to  the  fibers  of  the  cloth,  the 
majority  ran  down  the  cells,  as  before.  Peel  strength  remained  at  a 
low  value,  indicating  that  fabric  reinforcements  have  limited  value 
as  stress-relieving  agents  in  brittle  sandwich  adhesive  bonds. 

The  "experimental  rubber-epoxy- phenolic"  formulation  was  a 
pilot,  or  preliminary  blend,  which  was  tested  on  the  theory  that  it 
might  develop  self- filleting  characteristics.  No  filleting  was  in 
evidence,  and  both  the  peel  strength  and  tensile  strength  were  observed 
to  be  low.  A higher  peel  was  obtained  on  a second  panel  made  with  a 
scrim  cloth  and  a higher  weight  of  adhesive,  but  the  tensile  values 
remained  at  a very  low  value.  The  experiment  cannot  be  construed  to 
rule  out  this  general  type  of  formulation  for  consideration  as  a 
sandwich  adhesive. 

The  first  of  the  two  unsupported  films,  represented  in  Table  8 
as  from  Manufacturer  "A",  displayed  relatively  low  flatwise  tensile 
strengths.  The  peel  strengths  were  in  an  acceptable  range,  where 
a core  prime  was  used  in  conjunction  with  the  film.  The  second 
formulation  showed  low  strength  values  in  both  flatwise  tensile 
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and  peel  even  though  the  core  vue  primed.  Both  films  allowed  a tendency 
to  curl  away  from  the  cell  walla  during  the  cure.  This  fact  probably 
accounted  for  the  very  low  tensile  and  peel  values  observed  in  Panel 
No.  95/  in  which  no  primes  were  used.  The  addition  of  a prime  brought 
about  substantial  increases  in  both  the  peel  and  flatwise  tenallee  of 
Panel  No.  160,  but  the  curling  effect  was  still  in  evidence , and  the  film 
was  not  being  utilized  in  the  area  of  fillet.  In  Panels  No.  2J>2  and 
No.  303/  da  attempt  was  made  to  restrain  the  adhesive  from  curling  by 
inserting  a glass  scrim  cloth  between  the  facing  and  the  core.  Although 
the  scrim  cloth  prevented  the  film  from  curling,  bond  strength  was  not 
substantially  upgraded  by  this  modification.  The  addition  of  cloth  in 
this  instance  did  not  simulate  the  properties  of  a supported  film, 
since  the  resin  was  not  consolidated  to  the  fabric,  but  was  merely 
restrained  from  our ling  by  the  external  forces  exerted  by  the  fabric. 
Because  of  the  above  characteristics,  it  would  appear  that  adhesive 
formulations  in  the  form  of  unsupported  films  are  at  a disadvantage 
In  honeycomb-sandwich  bonding  unless  there  is  sufficient  flow  at  the 
curing  temperature  to  cause  filleting  to  the  core,  and  flow  to  the 
facings. 


During  the  evaluation  of  the  effect  of  curing  pressure 
(Part  D of  this  section)  it  was  found  that  the  cloth  imparted  a 
definite  resi'  >nce  to  the  bond  during  the  cure.  The  separation  of 
core-cell  wall  and  facing  brought  about  by  the  presence  of  the  fabric 
is  believed  to  provide  a significant  amount  of  stress  relief,  which 
increases  the  resistance  of  the  structure  to  impact  loading,  and  to 
peeling  loads.  While  no  observations  of  Impact  strength,  or  fatigue 
life  were  made  in  this  project,  it  ie  believed  that  peel  strength  is 
related  to  these  properties,  and  the  use  of  a fabric  reinforcement 
is  Justified  on  this  basis  alone.  It  has  been  stated  by  one  manu- 
facturer that  by  doubling  peel  strength  of  the  bond, the  service  llfecfa 
panel  can  be  extended  tenfold.  Another  airframe  manufacturer  has 
performed  sufficient  tests  to  conclude  that  unbonded  areas  3A  inches 
in  diameter  do  not  affect  the  performance  of  the  etructur  1 as  long  as 
a peel-resistant  bond  is  used.  This  characteristic  of  •high-peel'1  ad- 
hesives is  a manifestation  of  their  ability  tc  prevent  the  propagation 
of  failure  in  the  bond. 

It  will  be  recalled  that  a " tape"  system  was  selected  in 
preference  to  a liquid  system  for  use  as  a test  vehicle  in  this  pro- 
ject, because  of  the  increasing  acceptance  of  tapes  in  industry.  This 
selectidn  was  made  with  the  knowledge  that  tape  systems  did  hot  develop 
the  highest  strength-weight  ratios  in  flatwise  tensile  strength.  Liquid 
systems  have  been  used  extensively  in  sandwich  bonding  in  the 
past,  but  have  become  almost  obsolete  in  favor  of  systems  in  which  a 
fabric  reinforcement  Is  used.  In  making  the  change,  the  industry  was 
influenced  by  considerations  of  production  economy,  and  reliability,  as 
well  as  by  a belief  that  higher  peel  strengths  were  required.  In  ac- 
tuality, the  higher  cost  of  supported  films  as  compared  to  Squids  tends 
to  cancel  the  economies  realized  in  reducing  the  amount  of  labor  Involved 
in  applying  the  aoheaive  correctly.  In  the  exploratory  evaluations, 
several  panels  were  made  with  '^M-h7* liquid  without  the  addition  of 
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tape,  to  obtain  some  knowledge  of  their  general  characteristics. 

The  panels  made  here  demonstrated  the  fact  that  high  flatwise  tensile 
strengths  may  be  realized  in  a relatively  low' range  of  total  adhesive 
weight  when  a liquid  system  is  used.  Only  two  of  these  panels  were 
tested  for  peel  strength,  but  both  had  unusually  high  total  adhesive 
weights  for  "liquid  only"  bonds.  The  peel  strengths  of  these  panels 
were  in  a very  low  range  compared  with  the  peel  strengths  of  panels 
made  with  a comparable  weight  of  "FW-U?"  supported  film.  Had  the 
two  panels  made  with  typically  light  liquid  bonds  been  tested  in  peel, 
it  ie  believed  that  the  values  would  have  been  below  the  acceptable 
minimums  specified  by  most  manufacturers.  It  appears  that  a choice 
of  a tape  system  in  the  project,  in  preference  to  a liquid  system, 
was  Justified  on  ths  basis  of  the  inherently  higher  peel  strengths 
developed  by  tapes. 

Both  of  the  panels  made  from  the  formulation  designated 
in  Table  8 as  "low-cost  experimental  vinyl-phenolic"  had  relatively 
heavy  bonds,  but  developed  relatively  low  peel  strengths.  The 
tensile  strengths  were  in  an  acceptable  range.  In  fabricating  these 
panels,  an  attempt  was  made  to  duplicate  the  conditions  used  in 
making  the  supported  film  "FM-li7"  panels,  used  as  a test  vehicle  in 
the  project.  The  use  of  a cloth  in  this  instance  did  not  assure  a 
high  order  of  peel  strength.  This  cannot  be  assumed  to  be  general 
for  this  type  of  formuletion,  since  properties  may  be  varied  by 
changing  the  proportions  of  the  particular  combinations  of  resins. 

Table  9 at  the  end  of  this  discussion  shows  the  results  of 
an  evaluation  of  the  "NaRMTAPE  103-U5"  supported  film  using  the 
"NARMCO  2021"  priming  solution.  It  was  felt  that  the  extensive  use 
of  one  formulation,  in  this  project  should  be  augmented  with 

a semi-comprehensivt  evaluation  of  some  other  major  sandwich  ad- 
hesive to  determine  if  the  effects  of  adhesive  distribution,  cell 
size,  etc.  were  the  same  in  either  case.  This  particular  adhesive 
also  warranted  investigation  on  the  basis  of  its  elevated  temperature 
properties . 


The  effects  of  cell  size,  core-prime  weight,  and  test  tem- 
perature on  the  bond  strengths  developed  by  "NARMTAPE  103-U5"  are 
shown  in  Table  9.  Figures  19  and  20  at  the  end  of  this  discussion, 
show  graphically  the  effect  of  core-prime  weight  upon  peel  strength 
and  flatwise  tensile  strength.  The  ratio  of  pool  to  flatwise  tensile 
strength  was  found  to  be  high  with  this  adhesive.  Both  "actual" values 
and  "specific"  values  are  shown  in  the  graphs.  . It  is  apparent  that 
core-prime  weight  and  cell  size  have  the  same  effects  here,  as  were 
observed  with  the  "FM-U7"  supported  film.  The  appearance  of  this 
supported  film  was  generally  similar  to  that  of  "FM-U7",  except 
that  a fabric  of  closrr  weave  was  used  in  the  "NARMTAPE"  system. 

Tape  weight  was  not  varied  in  tJv's  evaluation,  since  only  one 
nominal  weight  vas  available.  This  weight,  0.0U7  lbs/sq.ft., 
is  in  a range  which  (on  the  basis  of  the  "FM-U7"  results)  should 
give  nearly  optimum  flatwise  tensile  strength-weight  ratio  i,  but 
which  would  probably  be  below  optimum  in  its  ability  to  assure  con- 
sistency of  quality  under  conditions  of  poor  core -thickness  tolerance, 
or  substantial  variations  in  core-prime  weight. 
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The  liquid  solution,  "NARMCO  2021",  was  applied  to  the  cores 
used  in  these  panels  in  the  hand-operated  roller  coater,  described  in 
Section  II  - A,  and  Appendix  I of  this  report.  At  a solids  content  of 
15$,  this  liquid  in  undiluted  form  was  of  relatively  low  viscosity. 
Although  low  viscosity  is  usually  considered  to  be  an  advantage  in 
the  mechanized  application  of  adhesives,  it  was  found  in  this  case  to 
be  a disadvantage,  in  that  there  was  seme  tendency  for  the  adhesive  to 
flow  down  the  cell  walls.  The  condition  was  not  obvious,  and  would 
ordinarily  be  disregarded  under  production  conditions.  It  has  been 
found,  however,  that  the  depth  of  ths core -prime  is  an  important 
parameter  in  determining  the  strength  properties  of  the  bond.  The 
number  of  passes  observed  to  be  required  for  applying  a given  weight 
of  core  prime  was  higher  than  that  required  for  "FM~ii7".  Since  it 
is  desirable  to  have  as  high  a solids  content  as  possible,  to  reduce 
the  number  of  passes  required  in  priming  the  core,  it  would  be  prefer- 
able to  have  this  formulation  supplied  at  a higher  solids  content,  and 
a correspondingly  higher  viscosity. 

The  elevated -temperature  properties  of  "NARMTAPE  103-U5>", 
shown  in  Figures  21  and  22  at  the  end  of  this  discussion,  indicated 
that  a significant  percentage  of  the  room -temperature  flatwise  ten- 
sile strength  was  retained  at  2hO°F.  Peel  strength  showed  3ome  re- 
duction as  temperature  was  increased,  but  this  was  unimportant  in 
view  of  the  high  overall  level  of  peel  strengths  available  from  this 
formulation.  An  extrapolation  of  the  peel  and  tensile  strengths  vs. 
temperature  characteristics  shown  in  the  graphs  to  lower  temperatures 
would  suggest  that  this  adhesive  might  be  very  suitable  for  low-temp- 
erature applications. 

Returning  again  to  Table  9,  it  may  be  seen  that  the  types  of 
failures  observed,  in  the  peel  tests  were  influenced  by  core-prime  weight 
and  by  test  tempera tuire . Increases  in  core-prime  weight  tended  to  cause 
a shift  from  an  adhesive  failure  at  the  cell  walls , to  a cohesive  failure 
between  the  tape  r^d  the  core.  This  trend  is  the  same  as  was  observed  in 
the  "FM-ii7"  results.  Increases  in  test  temperature  caused  the  failure  to 
become  more  cohesive  in  nature  in  the  "NAKMTAPF,"  elevated -temperature 
test  results. 

In  the  comprehensive  evaluations  of  "FM-U7"  tape  systems, 
cell  size  was  observed  to  havr  an  important  effect  or.  bo«h  peel 
strength  and  flatwise  tensile  strength.  Generally  speaking,  the 
magnitudes  of  these  properties  were  inversely  proportional  to  cell 
else.  Some  of  the  adhesives  represented  in  this  tanlo  do  not  appear 
to  show  this  characteristic  in  such  a striking  manner.  Cell  size 
was  varied  i* s a parameter  in  the  evaluations  of  "U22",  "FM-U7"  liquid, 
and 'Unfilled  clear  epoxy"  (Table  8).  In  the  case  of  "U22",  tensile 
strength  showed  a very  small  inc.  jase.  Some  improvement  in  both 
properties  was  brought  about  in  the  panels  made  with  "FM-U7"  liquid 
when  cell  size  was  decreased.  (A  small  cell  size  offers  an  add- 
itional advantage  where  liquid  systems  are  used,  in  that  more 
surface  area  is  available  for  the  application  of  the  liquid.) 
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The  unfilled  dear  epoxy  evidenced  no  improvement  in  peel  strength 
when  oell  sited  wee  dec rested j no  secure te  comparison  could  be 
drawn  from  the  flatwise  tensile  strength  results.  The  results 
obtained  from  the  evaluation  of  "NARMTAPE  103-U5"  (Table  9)  in- 
dicated that  the  bond  strengths  developed  by  this  relatively  non- 
rigid  formulation  were  strongly  influenced  by  cell  sise.  In  gen- 
eral, the  cell  site  probably  has  a more  pronounced  effect  on  the 
properties  of  the  bond  where  a low-modulus  adhesive  is  used. 

It  should  be  pointed  out  that  "creep"  or  "long-time  loading" 
tests  were  not  performed  in  this  project.  Creep  strength  undoubtedly 
represents  an  Important  criterion  in  the  selection  of  adhesives  for 
sandwich  bonds;  possibly  more  so  than  in  the  case  of  continuous  surface 
bonds.  Although  the  results  of  elevated  temperature  flatwise  tensile 
and/or  elevated -temperature  flexural  shear  tests  probably  give  a 
secondary  indication  of  creep  strength,  no  definite  conclusions  may  be 
drawn  from  the  work  in  this  project  as  to  the  creep  resistance  of  in- 
dividual formulations  or  types  of  formulations. 

In  Appendix  VI  to  this  report,  an  exploratory  determination 
is  made  of  the  correlation  between  shear  strength  in  the  bond  and 
flatwise  tensile  strength,  using"FM-U7*.  The  resultc  Indicated  that 
a correlation  existed,  but  that  the  relationship  between  the 
properties  was  not  necessarily  the  seme  for  all  formulations,  test 
temperatures,  or  degrees  of  cure.  In  view  of  the  fact  that  shear 
strength  is  the  ultimate  criterion  of  most  sandwich  bonds,  and  that 
flatwise  tensile  strength  does  not  necessarily  bear  the  same  relation- 
ship to  shear  strength  in  all  formulations,  it  is  doubtful  that  flat- 
wise tensile  strength  in  itself  would  be  reliable  as  u criterion  for 
use  in  selecting  adhesive  formulations  for  sandwich  bonding. 

CONCLUSIONSi 

The  conclusions  derived  from  the  work  in  this  section  may 
be  summarized  as  follows! 

(1)  The  vise  of  a "supported- film" system  in  preference  to  a 
" liquid- only"  system  upgrades  peel  strength. 

(2)  Strength-weight  ratio,  in  the  flatwise  tensile  test,  is 
usually  reduced  by  the  use  of  a supported  film. 

( 3)  Adhesive  formulations  having  sufficient  flow  at  curing  temper- 
ature to  produce  filleting  at  the  cell  walls  without  "run-down" 
from  the  upper  facing  would  effect  the  most  efficient  adhesive 
distribution.  A "supported-film"  adhesive  of  this  type,  having 
adequate  levela  of  peel,  tensile,  and  creep  properties, would 

be  desirable  for  honeycomb-sandwich  bonding. 

(U)  Unsupported  films  exhibit  disadvantages  in  comparison  to 
supported  films  in  their  tendency  to  sag  cr  curl  away  from 
the  cell  walls,  and  in  their  inability  to  afford  fabric  rein- 
forcement to  the  bond. 
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(5)  The  use  of  smaller  cell  alee  upgrades  peel  and  tensile  strengths. 
Cell  site  does  not  have  a large  effect  on  peel  strength  where 
relatively  brittle  formulations  are  used,  however. 

(6)  There  is  reason  to  believe  that  some  adhesives  which  display 
high  peel  strengths  at  room  temperatures  may  be  dificient  in 
peel  strength  at  reduced  temperatures. 

(7)  There  is  an  optimum  range  of  viscosity  for  adhesives  applied 
to  the  core  as  a prime  by  roller  coating  methods.  Low  vis- 
cosity may  not  assure  that  the  prime  stays  within  a definite 
limit  of  depth  on  being  applied,  whereas  it  is  generally  known 
that  there  is  a practical  upper  limit  on  viscosity  imposed 

by  the  successful  operation  of  the  coating  machine. 

(8)  There  is  reason  *o  believe  that  the  elevated- tomperature 
properties  of  sandwich  bonds,  in  terms  of  percent  of  room 
temperature  strength  retained  , are  generally  below  those 
which  exist  where  the  some  adhesives  are  uaed  in  lap-shear 
bonds.  (This  conclusion  is  known  to  apply  in  the  case  of 
the  ,,U22n  high-heat  formulation,  and  in  the  case  of  "FM-U7" 
supported  film. ) 
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TABLE  7 

ADHESIVES,  MET  HDDS  OF  APPLICATION,  AND  CORING  CYCLES  USED  BY  SEVERAL  ALIKIN  UK  HDNEYCCHB- 
SANDWICH  MANUFACTURERS  AS  DISCLOSED  BY  SURVEY  OF  BUSTING  METHODS  CONDUCTED  IN  APRIL  1953 
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i of  Panel  Hoe.  548  & 549  plotted  vs.  test  temperature  separately.  Heat  results  represent  avi 
d 2 tensile  speclaens  at  each  temp.  (Other  averages  based  on  2 peels,  6 teaslles  per  panel.) 
itvise  tensilea  failed  between  tape  and  core. 
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ACTUAL  AND  SPECIFIC  fIAtWISE 
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VS.  CORE -PRIME  WEIGHT 
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FIGURES  19  & 20?  Room-temperature  flatwise  tensile  and  peel 
strengths  (actual  and  specific)  of*NARMEAPE  103-45* supported 
film  with*NARMCO  202f  liquid  prime,  vs.  core -prime  weight. 
(From  Table  9)  Cure:  2 hours  at  345* F,  35  pair  Facings : 
.016  ale  lad  243-T3,  primed,  to  0.003  to  0.006  lbs/sq.ft. 
Weights  are  dried,  uncured.  Co re -prime  weight  includes  both 
aides . 
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FIGURE  21 

FLATWISE  TENSILE  STRENOTH 
VS.  TEST  TEMPERATURE, 

•harmiape  103-U5' 
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FIGURE  22 
PEEL  STRENOTH  VS. 
TEST  TEMPERATURE, 

■'narmiape  103  - U5" 


Figures  21  & 22  : 
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TEST  TEMPERATURE,  *F. 

Peel  and  flatvlse  tensile  strengths  of'NARMTAFE 
103-45" supported  film  vith*NARMCO  2021"  liquid 
prime  vs.  test  temperature.  Specimens  tested 
as  they  reached  temperature.  (From  Table  ^ ) . 
Facings:  Alclad  2US-T3,  .016"  thick.  Cure: 

2 hours  at  345*F,  35  pal* 

U3 
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SECTION  I - Continued 


D - CURING-CYCLE  VARIABLES 


This  phase  of  the  project  is  presented  in  two  parts.  The 
first  inoludes  studies  of  the  effects  of  curing  time  and  press  temper- 
ature on  the  strength  of  honeycomb  sandwich  bonds.  The  second  part 
deals  with  the  effects  of  pressure , and  pressure  irregularities , and 
presents  methods  of  aleviating  the  effects  of  the  irregularities. 
Applicable  tables  and  graphs  are  presented  at  the  end  of  each  individ- 
ual discussion. 


1.  Effects  of  curing  time  and  temperature  on  "FM-U7"  bond  strength! 


In  the  oourse  of  previous  work,  it  appeared  that  the  curing 
cycle  which  was  recommended  for  "continuous  surface"  bonds  made  with 
"FM-U7"  was  too  short  in  duration,  and  too  low  in  temperature  to  give 
optimum  results  in  sandwich  bonding,  particularly  where  the  structure 
is  to  be  used  at  elevated  temperatures.  It  was  believed  that  this  con- 
dition was  not  peculiar  to  "FM-U7"  only,  but  was  general  for  almost  all 
metal  adhesives  which  are  used  in  both  honeycomb  sandwich  and  continuous 
surface  bonding.  To  insure  adequate  curing,  the  control  curing  cycle 
for  "FM-U7"  bonded  panels  in  this  project  was  established  as  55  to  60 
minutes  at  35  pai  and  3L5°F,  after  a five-minute  preheat  at  two  to  four 
pal.  This  decision -was  made  despite  the  fact  that  survey  information 
(Table  7,  Part  C,  Section  I)  indicated  that  some  sandwich  manufacturers 
who  used  "FM-U7"  were  curing  for  15  to  20  minutes  at  temperatures  of 
300°  to  325°F.  In  order  to  qualify  this  deviation  from  recommended 
practice,  a comprehensive  evaluation  was  performed.  The  results  of 
the  evaluation  presented  here  established  that  the  control  curing  cycle 
used  in  the  project  was  very  nearly  optimum. 


The  results  of  the  study  are  presented  in  Table  10  and  in 
Figures  25  through  28.  The  choice  of  the  l/L-inch  cell  size  and  a light 
adhesive  bond  was  made  to  keep  the  bond  strength  low  enough  to  preclude 
any  chance  of  failure  in  the  bonds  between  the  flatwise  tensile  blocks 
and  the  specimens,  in  uhe  elevated  temperature  tests.  The  combination 
of  light  tape  and  large  cells  kept  the  peel  strengths  at  a relatively 
low  value,  and  tended  to  cause  most  of  the  failures  to  occur  between 
the  tape  and  the  core  material.  In  order  to  partially  compensate  for 
minor  variaions  in  the  weights  of  the  bonds,  all  results  were  multiplied 
by  the  ratio  of  average/actual  total  cured  adhesive  weights. 


Curing  time  was  the  independent  variable  in  this  study,  while 
press  temperature,  preheating  time,  and  post-curing  time  were  parameters. 
In  this  particular  program,  a curing  temperature  of  325°F  was  made  the 
control,  rather  than  3u5°F*  the  temperature  used  in  the  other  phases  of 
the  project. 


The  five-minute  proheat  on  Ibnels  329  and  330  was  omitted  to 
determine  if  there  might  be  some  obvious  effect.  Although  one  of  these 
panels  gave  a very  high  peeling  torque,  no  other  apparent  trends  were 
observed,  and  the  points  were  plotted  in  the  graphs  without  special 
identification. 
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The  exploratory  evaluation  of  the  effects  of  omitting  the 
precure  on  "FM-U7"  bonded  panels  was  too  limited  to  be  conclusive#  It 
is  possible,  however,  that  the  practice  of  preheating  of  sandwich  panels 
may  be  detrimental  to  bond  strength  in  the  case  of  some  adhesives  (in- 
cluding "FM-ii7" ) . Evaluations  presented  in  Part  2 of  this  discussion 
indicated  that  the  proximity  of  the  core  cell-wall  edges  to  the  facings 
was  a function  of  the  curing  pressure  in  a supported- film  system.  If 
the  bond  has  received  a partial  cure  in  the  "preheat"  portion  of  the 
pressing  cycle,  the  abrupt  application  of  full  pressure,  and  the  result- 
ing movement  of  the  core  with  respeot  to  the  facings,  may  causa  a com- 
pressive failure  in  the  bond.  Although  the  integrity  of  a bond  that 
has  failed  in  this  manner  will  be  substantially  restored  by  the  further 
application  of  heat,  it  is  unlikely  that  maximum  strength  will  be  achiev- 
ed. Very  short  preheat  cycles  may  be  required  to  develop  maximum  bond 
strengths  in  some  fast-hardening  formulations. 

The  widespread  use  of  a preheat  at  contact  pressure  is  usually 
considered  to  be  justified  to  promote  the  escape  of  vaporised  solvents 
from  the  interior  of  the  panel.  In  many  cases  the  cell  walls  in  aluminum 
honeycomb  panels  have  been  ruptured  and  facings  have  been  "blistered" 
by  excessive  pressures  exerted  by  entrapped  gases.  The  advent  of  per- 
forated honeycomb  core  minimized  failures  of  this  type  but  did  not  elim- 
inate them,  primarily  because  the  perforations  were  occasionally  omit- 
ted throughout  parts  of  the  cores,  particularly  in  thin  slices.  Im- 
provements in  the  control  of  honeycomb  manufacturing  processes  have  made 
this  type  of  defeot  a rarity.  Another  justification  which  is  claimed 
for  the  use  of  the  contact-pressure  preheat  is  the  desirability  of  allow- 
ing the  facings  of  large  panels  to  undergo  thermal  expansion,  without 
mechanical  interference  from  the  bonding  tool.  The  physioal  data  and 
survey  information  collected  in  this  project  have  not  established  con- 
clusively that  the  use  of  a preheat  at  contact  pressure  is  mandatory  in 
the  bonding  of  honeycomb  sandwich  panels.  Since  the  preheat  represents 
an  additional  process  detail  which  must  be  kept  under  control,  and  since 
it  probably  tends  to  downgrade  bond  strength,  manufacturers  should  give 
some  consideration  to  its  elimination. 

Three  of  the  panels  in  the  "325°Fn  group  in  Table  10  were  made 
with  oven  post-cures  (no  pressure)  after  a press  cure  was  performed.  One 
of  these  panels  (number  333)  was  post-cured  after  being  in  the  press 
only  ten  minutes.  Its  strength  did  not  appear  to  be  impaired  in  any 
way  by  this  unusual  curing  procedure.  Conceivably,  such  a curing 
schedule  might  be  of  value  where  the  hot-press  capacity  of  a plant 
was  at  a premium  while  extra  oven  space  was  available.  It  is  very 
likely  that  thermal  warpage  on  large  panels  would  become  a critical 
consideration  in  such  a case,  however.  The  post-cured  panels  were 
plotted  with  the  otners  without  special  identification. 

An  examination  of  the  peel  curves  (figure  25)  shows  that 
peel  strength  was  generally  upgraded  substantially  as  curing  temp- 
erature was  increased.  An  optimum  peel  strength  is  generally  In 
evidence  at  press  times  of  the  order  of  one  hour.  It  should  be 
pointed  out  that  the  relatively  steep  drop-off  of  the  "3U5°F" 
curve  ie  based  on  only  one  reading.  Although  the  275°?  peel  read- 
ingo  were  generally  higher  than  those  at  300°F,  the  two  groups  were 
plotted  as  one  curve  to  avoid  confusion.  The  fact  that  two  of  the 
panels  cured  at  275°F  gave  peel  strengths  equivalent  to  those  of 
panels  cured  at  325°E  would  appear  to  make  the  peel  test  unreliable 
as  a means  of  detecting  degree  of  cure. 


AT  33(600)-23626 


U6 


* 

K 

t 


I - D,  Coni'* nued 


f 

r 


* 


t 

l 


} 


The  trend  of  peel  failures  in  Table  10  (325°F  cures)  in- 
dicated a maximum  ratio  of  cohesive/adhesive  strength  at  curing 
times  of  the  order  of  one  hour.  Very  short  and  very  long 
cures  brought  about  a more  cohesive  type  of  failure. 

The  roor*- temperature  flatwise  tensile  curves  (Figure  26) 
show  a complicated  series  of  inflections  which  are  probably  partly 
attributable  to  experimental  error.  The  minlmums  occuring  at  total 
curing  times  20  to  60  minutes  on  most  of  the  curves  apoear  to  re- 
flect a natural  trend,  however.  The  curves  indicate  that  very 
short  cures  give  higher  values  than  euros  of  the  normal  order 
of  duration,  a fact  whioh  would  make  the  flatwise  tensile  test 
at  room  temperature  unreliable  as  a means  of  detecting  degree 
of  aura.  The  flatwise  tensile  results  at  heat  (Figures  27  and  26) 
do  not  show  these  minlmums.  Although  heat  resistance  is  generally 
enhanced  by  increases  in  curing  time  or  temperature,  there  appear 
to  be  several  exceptions  to  this  rule.  At  a test  temperature  of 
180°F,  a cure  of  60  minutes'  duration  at  either  325°  or  3h5°F  gives 
substantially  the  same  flatwise  tensile  strength.  Further  increases 
in  time  do  not  appear  to  upgrade  heat  resistance  appreciably.  At 
a test  temperature  of  2tiO°F,  however,  the  same  sets  of  conditions 
give  entirely  different  strengths.  Again  It  should  be  pointed  out 
that  the  drop-off  of  the  3li5°F  flatwise  tensile  curve  (2U0°F  test 
temperature)  is  based  on  the  results  of  only  one  panel. 

Although  the  relative  magnitudes  of  the  tensile  strengths 
at  elevated  temperatures  may  give  some  secondary  indication  of  the 
resistance  to  creep  deflections,  creep  resistance  itself  was  not 
evaluated  in  the  project. 

The  color  of  the  bonds  was  observed  to  change  from  lemon- 
yellow  to  dark  amber,  as  curing  times  and/or  temperatures  were  advanced. 
Although  the  color  in  the  center  of  the  panel  appeared  to  give  some 
general  indication  of  the  degree  o*’  cure,  it  should  be  noted  that  the 
outer  edges  of  most  "FM-U7"  panels  usually  tend  to  darken  more  than 
the  interiors. 

Panels  cured  et  low  temperatures  retained  some  odor  of 
solvent  but,  in  the  experience  of  the  contractor,  odor  is  often  a 
deceiving  indication  of  cure.  In  an  undocumented  test,  some  scraps 
from  panels  having  varying  degrees  of  cure  were  immersed  in  "FM-h?" 
thinner  overnight.  The  bonds  in  the  panels  cured  at  low  temperatures 
showed  complete  deterioration  while  those  cured  at  higher  temperatures 
still  had  considerable  residual  strength.  It  is  possible  that  a con- 
trolled exposure  to  solvent  or  solvent  fumes,  followed  by  a flatwise 
tensile  test,  might  be  of  some  use  in  evaluating  the  degree  of  cure 
of  sandwich  bonds  (vented  core  only)  made  with  this  type  of  adhesive. 

It  is  apparent  that  the  recommended  cures  of  300°  to  325°‘- 
in  conjunction  with  times  of  20  to  30  minutes  are  not  sufficient  to 
develop  the  optimum  properties  of  "FM-U7"  in  sandwich  bonding.  There 
is  no  evidence  in  this  program  suggesting  that  these  cycles  are  not 
adequate  for  continuous-surface  bonding.  The  need  for  more  advanced 
cures  on  sandwich  bonds  is  probably  due  to  the  large  bulk  of  the  bc.:d 
In  comparison  to  the  thin  plane  of  adhesive  in  continuous-surface 
bonds,  and  also  to  heat- transfer  differences.  This  is  probably  true 
for  most  adhesives  that  are  used  in  both  types  of  bonds. 
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It  is  often  argued  that  temperatu res  of  the  order  of  350°F 
are  prohibitive  beoause  of  thoir  detrimental  effects  on  the  temper  of 
heat-treated  aluminums.  A paper  entitled  "Reheating  of  21*3  and  753 
Sheet" t by  J.  A.  Nook  Jr,  published  by  the  Aluminum  Company  of  America, 
indicates  that  the  curing  cycles  used  in  sandwioh  bonding  may  either  . 
upgrade  or  downgrade  tho  yield  and  ultimate  strengths  of  the  2liS  alloy* 
depending  upon  the  exaot  combination  of  time  and  temperature.  A ours 
of  from  10  minutes  to  cue  hour  at  350°  downgrades  the  yield  and  ten- 
sile strengths  of  2US-T3  by  approximately  2000  to  2500  psi.  Further 
increases  in  time  upgrade  the  strength  of  2liS-T3.  According  to  this 
paper,  the  properties  of  the  75S-T6  alloy  are  downgraded  by  extended 
cures  at  350°F.  Since  the  inflections  in  the  curves  from  which  these 
observations  were  made  are  very  complicated,  the  reader  should  not 
attempt  to  extrapolate  the  above  information  to  other  conditions. 

The  conclusions  from  this  phase  of  the  work  are  as  follows t 

1.  Honeycomb  sandwich  structures  appear  to  require  longer 
cures  and  higher  curing  temperatures  than  do  "continuous 
surf Ace"  bonds  using  the  same  adhesive. 

2.  Extensions  of  curing  time  and  temperature  tend  to  upgrade 
the  properties  of  the  bond  at  elevated  temperatures. 

3.  A curing  temperature  of  the  order  of  350°F  would  not  be 
seriously  detrimental  to  the  properties  of  2US-T3,  but 
the  75S-T6  alloy  is  susceptible  to  overaging  at  this 
temperature.  The  effect  of  caring  time  and  temperature 

on  the  strength  of  aluminum  cannot  be  generalised,  however. 

U.  A total  curing  time  of  60  minutes  at  a temperature 

between  335°  and  350°F  provides  a good  compromise  between 
optimum  properties,  and  production  eoonomy  on  sandwioh 
bonds  made  with  "FM-lt7".  This  curing  schedule  is  not 
necessarily  applicable  to  other  formulations. 

5.  Preheating  at  contaot  pressure  may  actually  be  detrimental 
to  honeycomb-sandwich  bond  strength  where  adhesives  having 
rapid  hardening  characteristics  are  used,  but  the  practice 
is  claimed  to  have  other  benefits  which  may  dictate  its  use, 
in  most  cases. 

6.  Post-curing  in  an  oven  after  a short  press  cure  has  the 
r.ame  effect  as  a long  press  cure,  where  "FM-U7"  or  similar 
types  of  adhosives  are  used. 

7.  Tensile  and  peel-strength  tests  at  room  temperature  do  not 
give  a reliable  indication  of  the  degree  of  cure  of  sandwioh 
bonds  made  with  "FM-U7" • 
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PEEL  STRENGTH  0F*FM-4TAT  ROOM  -TEMPERATURE  VS.  TOTAL 
CURD©  TIME  AT  VARIOUS  CURING  TEMPERATURES. 


CURING  TUMP 


300 


TOTAL  TIME  AT  CURING  TEMPERATURE,  MINUTES 


200  220 


FIGURE  25  » Room  temperature  peel  strength  of *FTi-47BbondB  to  l/4  inch 
cell  honeycomb,  as  affected  by  curing  time  and  temperature 
(From  Table  10  ) 

Facings:  Alclad  2Us-T3>  0.016"  thick. 
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SECTION  I 


PART  D - Continued 

2.  Effect*  of  Curing-Pressure  Variables;  Selection  of  Press  Pad  Materials: 

The  second  phase  in  the  investigations  of  curing  variables 
dealt  with  curing  pressure,  core -thickness  deviations,  and  methods  of 
equalizing  curing-pressure  variations  over  the  surfaces  of  honeycomb  sand- 
wich panels . 


Two  of  the  problems  which  relate  to  the  equalization  of  curing 
pressure  are  warpage  in  the  curing  fixture,  and  the  control  of  the  thickness 
of  flrt  honeycomb.  These  problems  are  discussed  in  Part  E of  this  section 
("Core  Material")  and  in  Section  II,  Part  E ("Curing  Presses"). 

Table  11  at  the  end  of  this  discussion  shows  tabulated  survey 
results  illustrating  the  "press -loads"  used  by  a number  of  honeycomb  sand- 
wich manufacturers . Firms  "A"  and  "E”  in  this  tabulation  used  padding 
materials  of  some  kind  for  the  purpose  of  equalizing  mechanical  pressure. 
Three  other  firms  used  only  kraft  paper  between  the  cauls  and  the  facings. 
The  primary  purpose  in  adding  paper  was  to  prevent  the  cauls  from  becoming 
contaminated  with  adhesive,  not  to  equalize  pressure. 

The  range  of  curing  pressures  observed  in  use,  in  the  survey 
of  existing  methods,  was  from  10  pBl  to  200  pel.  These  pressures  were 
usually  not  selectively  applied  to  various  honeycomb  core  densities  but  were 
chosen  according  to  the  individual  preferences  of  the  manufacturers . Where 
high  curing  pressures  were  in  use,  "stops"  (rectangular  steel  bars)  were 
often  inserted  in  the  press  to  prevent  the  hot-plates  from  exerting  crush- 
ing pressures  on  the  thicker  portions  of  the  composite.  Most  sandwich  manu- 
facturers felt  that  the  resilient  properties  of  supported  films  tended  to 
equalize  pressure  and  improve  the  consistency  of  bond  strength. 

In  general,  the  survey  resultB  indicated  that  some  work  should 
be  done  in  the  evaluation  of  "press -pad"  materials,  since  no  two  manufac- 
turers appeared  to  favor  the  same  type  of  material,  and  since  some  of  the 
materials  were  relatively  expensive.  It  also  appeared  that  some  evaluation 
should  be  made  of  the  effect  of  curing  pressure  and  of  core -thickness  de- 
viations, in  vier  of  the  fact  that  these  two  parameters  appeared  to  be 
Important  factors  in  the  rejection  of  production  parts . 

Table  12  shows  the  tabulated  results  of  a program  in  which 
curing  pressure,  height  of  core -thickness  deviations  (difference  in  thick- 
ness at  splices),  tape  weight,  and  cell  size  were  adjusted  with  respect 
to  each  other.  Figures  30,  31,  and  32  show  graphically  the  effect  of 
curing  pressure  on  bond  strength  and  bond  thickness.  Tne  panels  made  in 
this  evaluation  were  cured  without  the  use  of  pads,  and  were  made  with 
three  individual  pieces  of  core  material,  milled  before  expansion  to  con- 
trolled thickness,  and  butt-jointed  together  within  the  composite. 
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The  effect*  of  curing  pressure  were  observed  on  the  outer 
(thick)  portions  of  the  panels  only.  The  bond  strengths  observed  in  these 
portions  were  used  as  control  references  in  Interpreting  the  significance 
of  the  magnitudes  of  the  strengths  developed  in  the  center  portions  where 
the  core  material  was  below  thickness. 

The  following  observations  were  drawn  from  the  results  pre- 
sented in  Table  12 t 

(1)  Curing  pressure  had  little  effect  on  the  strengths 
developed  in  the  regions  where  the  core  was  below 
thickness . 

(2)  Curing  pressure  had  a direct  effect  on  the  clearance, 
or  gap,  between  the  edges  of  the  cell  walls  and  the 
facings  In  the  areas  where  the  core  was  thick.  The 
olrarancee  observed  here  were  not  a function  of  the 
unit  weight  or  thickness  of  the  supported  film,  but 
were  probably  a function  of  core  density  and  of  the 
type  of  cloth  reinforcement  used  in  the  film.  The 
cloth  appeared  to  have  imparted  some  resilience  or 
compressibility  to  the  composite,  in  resisting  the 
penetration  of  the  edges  of  the  cell-walls  while 
auring  pressure  was  being  applied.  It  is  probable 
that  the  clearance  would  have  approached  aero  had 
no  cloth  reinforcement  been  used. 

(3)  Curing  pressure  had  little  or  no  observable  effect 
on  peel  strength,  but  had  a definite  effect  on  flat- 
wise tensile  strength.  The  variation  in  tensile 
strength  was  probably  only  indirectly  & function 
of  curing  pressure,  the  d?reet  influence  being  the 
clearance  between  the  core  and  the  facing,  which 
was  itself  a function  of  curing  pressure.  Intimate 
contact  between  the  facing  and  the  core  undoubtedly 
promoted  a more  effective  consolidation  of  the  tape 
to  the  core  prime,  and  caused  the  fillet  to  be  more 
dense  and  compact. 

(4)  Heavier  tapes  showed  pronounced  benefioial  effects 
in  equalizing  bond  strengths  developed  over  areas 
in  which  core -thickness  irregularities  occurred. 

(It  is  probable  that  heavy  core  primes  would  have 
exhibited  the  same  beneficial  effects  to  some 
extent . ) 

(5)  Heavier  tape  weights  and/or  smaller  cell  sizes, 
tended  to  minimize  the  effects  of  curing- pressure 
variations  on  the  consistency  of  quality  of  the 
bond  in  flatwise  tensile  strength.  (This  obser- 
vation is  based  on  the  fact  that  all  of  the  "flat- 
wise tensile  vs.  curing  pressure"  curves  showed  the 
same  slope,  whereas  the  levels  of  these  curves  were 
raised  as  tape  weight  was  Increased,  or  as  cell 
size  was  reduced.) 
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These  results  should  not  be  Interpreted  to  imply  that  a tape 
weighing  0.08  lbs.  per  sq.  ft.  (uncured)  should  become  standard.  In  the 
"Adhesive  Weight"  evaluations.,  the  optimum  tape  weight,  from  a "strength- 
weight”  standpoint,  was  0.05  lbs.  per  square  foot.  The  evaluation  repre- 
sented in  Table  12  and  the  results  of  other  studies  in  the  project  suggested 
that  a tape  weighing  0.07  lbs.  per  sq.  ft.  would  offer  the  best  compromise 
between  strength -weight  ratio  and  general  dependability  of  the  bond  under 
adverse  fabrication  conditions . 

It  is  interesting  to  note  that  even  though  these  panels  were 
cured  without  the  vise  of  press  pads,  the  lacings  appeared  to  have  been 
pressed  down  slightly  into  the  regions  in  which  the  core  material  was  under - 
slse.  The  average  thickness  observed  in  the  center  regions  (not  shown  in 
Table  12)  was  approximately  0.003  inches  less  than  the  thicknesses  observed 
in  the  outer  portions  of  the  same  panels. 

The  investigations  conducted  up  to  this  point  suggested  that 
a practical  set  of  test  conditions  for  evaluating  press -padding  materials 
should  involve  the  use  of  panels  fabricated  with  predetermined  core-thick- 
ness irregularities,  in  conjunction  with  one  curing  pressure  and  one  tape 
weight. 


Before  running  practical  evaluations  of  press -pad  materials, 
extensive  screening  tests  were  performed  on  a wide  variety  of  padding 
materials  which  had  been  used  in  the  past,  or  which  appeared  to  be  poten- 
tial replacements  for  materials  in  use.  The  results  of  these  screening 
tests  are  shown  in  Table  13  and  Figure  33.  Samples  of  padding  materials 
were  subjected  to  static  compression  tests  in  which  pressure  was  applied 
in  a testing  machine  through  ground  plates.  Instantaneous  deflection  read- 
ings were  made  with  a dial  indicator  as  the  pressure  was  Increased.  Another 
reading  was  then  taken  with  only  the  weight  of  the  upper  ground  plate  on 
the  specimen,  after  the  machine  pressure  was  released,  in  order  to  deter- 
mine the  permanent  deformation  or  "set"  induced  in  the  sample.  The 
"deflection  va.  pressure"  curveB  of  a number  of  these  materials  are  shown 
in  Figure  33 . The  change  in  deflection  observed  between  pressures  of 
5 and  50  psi  (arbitrarily  considered  to  be  the  desired  limits  of  local 
curing  pressure  in  a typical  sandwich  panel)  were  tabulated  in  the  third 
column.  The  amount  of  this  difference  was  interpreted  as  the  general 
mechanical  effectiveness  of  the  pad  under  room-temperature  loading 
conditions . 


In  arranging  the  presentation  of  pads  in  the  table,  the  changes 
in  deflections  were  placed  in  Increasing  order  of  magnitude.  It  will  be 
noted  that  samples  of  some  of  the  materials  were  evaluated  in  this  manner 
after  having  been  subjected  to  a Simula*  »d  bonding  cycle  in  a heated  labor- 
atory press . This  was  done  in  order  to  obtain  a secondary  indication  of 
the  heat  resistance  and/or  the  re-usability  of  the  pad.  Micrometer  read- 
ings were  taken  before  and  after  the  loads  were  applied,  on  the  majority 
of  samples. 


In  addition  to  the  aforementioned  tests,  transient  heat-flow 
tests  were  conducted  to  obtain  an  indication  of  the  thermal  insulating 
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properties  of  the  pads*  Special  honeycomb  sandwich  panels  haring  thermo- 
couples bonded  under  their  facings  were  placed  between  samples  of  the 
pads  In  a heated  (300°F)  press*  and  Instantaneous  readings  of  temperature 
were  made  at  definite  time  intervals . The  interval  required  for  the  ad- 
hesive plane  to  reach  a temperature  of  27 $°F  was  tabulated  In  the  second 
column  of  Table  13* 

Approximate  costs  for  the  materials , In  cents  per  square  foot 
of  panel  area  (two  square  feet  of  padding)  are  ".lao  shown  in  the  tabulation. 

In  general,  there  was  a trend  toward  longer  heating  times  ae 
the  effective  resilience  of  the  padding  materials  vs.  increased.  A notable 
exception  was  represented  In  "KIMPAK" , however.  This  material  showed  rela- 
tively high  deflection  In  view  of  its  low  cost  and  ability  to  transmit  heat. 
The  effective  delay  In  bringing  the  panel  to  temperature  which  would  be 
brought  about  by  adding  this  material  (assuming  that  the  ".03"  material  Is 
used).  In  lieu  of  using  no  padding  at  all,  would  be  only  about  six  seconds. 
In  actuality  it  is  possible  that  delays  of  the  order  of  2-1/2  to  3 minutes 
might  be  desirable  from  a practical  standpoint,  since  they  would  permit 
thermal  expansions  In  the  composite  to  take  place  gradually  and  uniformly 
after  the  panels  were  Introduced  into  the  press,  aqd  would  also  cause  more 
gradual  release  of  the  solvents  In  the  adhesive.  There  are  no  data  available 
from  this  project  to  Indicate  whether  the  rise.  In  panel  temperature  should 
be  slow  or  rapid  for  best  results,  but  panel  manufacturers  would  generally 
prefer  that  the  panel  reached  temperature  promptly,  to  conserve  press  time. 
The  sample  of  "AXROCOR"  (a  ■ conge -like,  fiber-glass,  vibration -absorption 
material)  showed  the  highest  order  of  resilience.  Its  use  would  incur  a 
delay  of  approximately  2-1/2  minutes  in  the  curing  cycle.  Although  Its 
cost  was  much  higher  than  that  of  "KIMPAK" , It  appeared  to  be  reusable 
whereas  "KIMPAK"  did  not. 

The  fact  that  the  micrometer  readings  on  the  pad  samples  gave 
the  same  values  before  and  after  the  room- temperature  compressive  tests 
were  run  showed  that  readings  of  this  type  cannot  be  usod  to  determine  the 
effectiveness  of  a padding  material,  before  or  after  use.  This  limitation 
was  attributed  to  the  fact  that  the  anvil  pressures  applied  by  the  micros*- 
eter  were  always  high  enough  to  crush  a given  material  to  the  same  thick- 
ness , regardless  of  its  condition. 

Only  one  solid  rubber  pad  was  evaluated  In  the  exploratory 
studies.  It  was  learned  from  one  source  that  this  type  of  padding  was  rela- 
tively Incompressible,  except  at  the  edges , vfeers  a slight  outward  flow 
occurred.  Since  the  centers  of  the  pads  were  effectively  thicker  than  the 
edges  ae  a result  of  this  flow,  solid  rubber  pads  were  considered  to  be  in- 
effective as  a means  of  equalizing  pressures  in  a flat  press.  A further 
criticism  of  eolld  rubber  padding  materials  was  that  their  resistance  to 
temperatures  of  the  order  of  350*P  was  marginal.  Sines  there  were  a large 
number  of  fibrous,  sheet  materials, which  were  more  compressible  end  less 
costly,  rubber  pads  did  not  receive  comprehensive  evaluations. 

It  may  be  noted  that  none  of  the  pads  evaluated  In  this  pro- 
gram were  of  the  Internally  heated  type.  Although  It  vas  obvious  that 
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flexib3},  resilient,  heating  elements  were  required  in  some  of  the  types  cf 
fixtures  used  to  cure  contoured  assemblies,  their  cost  did  not  appear  to 
be  Justified  where  flat  sandwich  vab  to  be  cured.  It  was  believed  that 
conventional  "hot-plate"  presses  furnished  the  most  reliable  means  for  ap- 
plying uniform  temperatures,  as  well  as  uniform  pressures,  to  flat  work. 
Internally-heated  pads  are  subject  to  failure  from  burn-out  of  the  elements 
and  it  is  difficult  to  control  their  temperature  over  their  entire  surface, 
whereas  steam- or  oil- heated  plates  are  not  subject  to  local  heat-source 
failures  and  their  temperatures can  be  controlled  uniformly. 

Another  means  of  securing  uniform  pressure  distribution  on 
flat  panels  is  by  the  use  of  fluid -pressure  diaphragms.  Although  diaphragm* 
have  been  used  successfully  in  the  bonding  of  flat  parts,  they  were  not 
evaluated  in  this  project,  since  the  ordinary  hot-plate  press  has  appeared 
to  be  the  most  dependable  and  economical  means  of  applying  pressure  to  large 
quantities  of  flat  panels.  It  would  be  possible  to  use  fluid-pressure  dla- 
phragms  or  "envelopes"  in  lieu  of  fibrous  pads,  In  standard  presses,  but 
their  use  would  make  It  necessary  to  carefully  position  each  panel  within  a 
restraining  frame,  to  prevent  "blowout"  of  the  diaphragn  at  unsupported 
areas.  In  addition  to  the  danger  of  blowout,  the  use  of  fluid -pres  sure 
envelopes  would  Impose  additional  heat -transfer  and  temperature -control  prob- 
lems which  are  not  encountered  where  simpler  and  more  economical  pressure  - 
equallzlng  media  are  used. 


The  results  of  tests  conducted  on  several  of  these  padding 
materials  are  shown  in  Table  14.  As  in  the  case  of  the  earlier  evaluation 
of  curing  pressure,  panels  made  with  controlled  core-thickness  irregularities 
were  used.  The  same  nominal  tape  weight  (0.05  lbs.  per  sq.  ft.)  and  curing 
pressure  (35  P*l;  outer  portions  only)  were  maintained  throughout  the  pro- 
gram. The  total  cured  adhesive  weight  used  in  these  panels  was  intentionally 
made  low  to  give  pessimistic  conditions  which  would  emphasize  any  beneficial 
effects  brought  about  by  the  pads.  Micrometer  readings  were  made  at  the 
center  (reduced  core  thickness)  portions  and  at  the  outside  (thick)  portions 
of  the  cured  panels . The  differences  in  these  two  thicknesses  were  divided 
by  the  intentional  difference  in  core  thickness  at  the  two  locations,  to  give 
a "deflection  ratio"  which  was  a measure  of  the  effectiveness  cf  the  padding 
material  in  equalizing  the  pressure  over  the  Irregularity.  The  press  pads 
have  been  tabulated  in  the  increasing  order  of  this  ratio,  where  a core-thick- 
ness irregularity  of  0.020  inches  was  used.  The  "deflection  ratios"  of 
various  pads  showed  approximately  the  same  order  of  increase  where  a core- 
thickness  difference  of  only  0.010  inches  was  incorporated  in  the  panels.  It 
Is  interesting  to  note  that  the  deflection  ratios  for  each  pad  were  substan- 
tially unaffected  by  core -thickness  difference. 


Although  it  was  thought  that  the  peel  and  flatwise  tensile 
strengths  in  the  thin  center  regions  (expressed  as  percentages  of  the  values 
observed  in  the  outer  regions ) would  increase  in  the  same  manner  as  did  the 
deflection  ratios  , such  was  not  the  case.  After  the  apparent  resilience 
of  the  padding  material,  in  terms  of  its  ability  to  bring  the  unsupported 
portion  of  the  facing  closer  to  the  surface  of  the  thin  section  of  core, 
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increased  to  a certain  point,  additional  increases  did  not  upgrade  the 
strengths  of  the  hond  in  the  center  portion.  This  limit  of  effectiveness 
occurred  at  a lower  order  of  apparent  resilience  where  a smaller  core -thick- 
ness discontinuity  was  used.  Thus,  where  a core -thickness  difference  of 
0.01C  inches  can  he  expected,  a press  pad  should  be  used,  but  the  choice  of 
the  padding  material  is  almost  arbitrary,  since  most  types  of  pads  are 
effective  at  this  thickness  difference . Where  a thickness  difference  of 
0.020  Inches  can  be  expected,  some  selective  Judgment  would  be  required  to 
assure  that  maximum  strengths  in  the  thin  areas  are  developed  by  the  press 
pad,  but  any  one  of  a number  of  types  of  pads  appear  to  be  suitable. 

Since  the  evaluation  of  the  effect  of  curing  pressure  (Table  12) 
had  Indicated  that  flatwise  tensile  strength  was  upgraded  as  the  facings  were 
forced  into  closer  proximity  to  the  core,  it  was  surprising  to  observe  that 
decreases  in  the  facing-to-core  clearance  below  a certain  value  had  no  ef- 
fect on  bond  strength  after  a certain  "deflection  ratio"  had  been  realised. 

The  only  explanation  which  may  be  offered  for  this  characteristic  of  highly 
resilient  padding  materials  is  that  the  facing  was  not  forced  into  its  final 
position  with  respect  to  the  thin  portion  of  core  until  after  the  preheat 
at  contact  pressure.  In  the  interim,  the  tape  and  the  core  prime  became 
partially  cured  and  lost  some  of  their  ability  to  flow  and  coalesce,  so  thf  t 
when  intimate  contact  was  finally  established,  an  optimum  fillet  was  not  pro- 
I duced.  The  phenomenon  did  not  appear  to  be  important  enough  to  Justify  ad- 
ditional experimental  work. 

The  following  are  a number  of  additional  factors  which  might  be 
taken  into  consideration  in  the  selection  of  an  optimum  press -pad  material: 

(1)  The  pad  will  be  called  upon  to  minimize  the  effect 
of  non-parallolism  In  the  preBB  opening,  as  well  as 
the  effects  of  core -thickness  irregularities . 

(2)  The  results  of  this  evaluation  do  not  necessarily 
represent  the  conditions  where  continuous -surface 
bonds  are  incorporated  in  sandwich  panels;  considera- 
tion shc’ild  be  given  to  more  resiliant  pads  for  panels 
of  this  type . 

(3)  The  indiscriminate  use  of  highly  resilient  pads  may 

cause  the  panels  to  have  an  undesirable  outer  appear- 
ance from  "dimpling"  of  thin-gage  facings  in  large - 
cell  cores,  or  from  "steps"  in  the  planes  of  the  fac- 
ings at  the  boundaries  of  internal  thickness  dis- 
continuities . ( "Dimpling"  vas  not  observed  in  any  of 

the  panels  made  in  this  evaluation,  nor  were  sharply 
defined  "steps"  in  evidence,  but  the  area  in  which 
the  facing  was  pressed  into  the  discontinuity  was 
clearly  observable  as  a "valley" . ) 

(4)  Thick,  heavy  pads  may  exhibit  thickness  or  density 
irregularities  of  the  same  magnitude  as  those  which 
are  found  in  the  core. 
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(5)  The  curing  tine  and/or  temperature  may  have  to  be 
increased  where  pads  having  very  high  insulating 
properties  are  used. 


j 

I 


These  arguments  would  dictate  the  selective  use  of  press -padding 
materials  in  some  Instances.  In  general,  however,  a highly  resilient  pad  is 
desirable. 


The  padding  material  cannot  necessarily  be  depended  upon  to 
maintain  high  bond  strengths  in  regions  where  the  core  material  is  below 
the  normal  thickness  with  all  types  of  bonds.  The  results  whloh  were  pre- 
sented in  Table  12  indicated  that  the  most  important  factor  in  equalising 
bond  strength  in  panels  having  thickness  irregularities  was  the  mass  or 
thickness  of  the  adhesive  film.  It  can  be  interpreted  from  the  results 
shown  in  Tables  12  and  14  that,  where  the  maximum  core -thickness  difference 
is  held  under  0.010  inches  (corresponding  to  a manufacturer's  tolerance  of 
± 0.003  Inches),  the  use  of  a nominal  tape  weight  of  0.07  lbs. /sq.ft.  , in 
conjunction  with  the  use  of  press -padding  materials,  would  insure  that  the 
peel  and  tensile  strengths  in  the  regions  where  the  core  was  thin  were  main- 
tained at  a level  which  was  approximately  90jt,  or  more,  of  the  level  of  the 
strength  in  the  thicker  regions. 


) 


It  should  be  mentioned  that  no  direct  evaluations  of  the 
thickness  variations  which  ar~  brought  about  by  the  presence  of  solid 
insert  of  "edging"  materials , were  made  in  this  program.  It  can  be  assumed, 
however,  that  thickness  irregularities  in  these  materials  have  effects  which 
are  analogous  to  those  brought  about  by  thickness  irregularities  in  flat 
honeycomb,  with  most  adhesives,  the  "continuous •surface"  bonds  over  the 
solid  detail  components  require  higher  pressures  than  do  the  bonds  to  the 
honeycomb.  At  a given  curing  pressure,  the  olearmnce  between  the  edges  of 
the  honeycomb  cell  walls  and  tbs  facings  (determined  in  this  program  for 
a limited  number  of  core-density  and  pressure  combinations ) is  less  than 
the  clearance  between  two  continuously  bonded  surfaces.  Where  the  same  type 
of  fabrla  extends  over  honeycomb  and  inserts  of  identical  thickness  in  the 
same  assembly,  more  unit  pressure  is  then  transmitted  through  the-  continuous- 
surface  bond.  If  the  "bond  clearance  vs.  curing  pressure”  relationships 
were  known  for  both  types  of  bonds,  a realistic  theoretical  determination 
could  be  made  of  the  maximum  allowable  tolerances  on  the  thickness  of  the 
honeycomb  and  the  detail  parts  which  would  insure  that  adequate  curing 
pressures  were  transmitted  through  both  parts. 
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FIGURE  33 
ROOM  TEMPERATURE  COMPRESSIVE 
DEFLECTION  OF  VARIOUS  PRESS- 
PAD  MATERIALS'  VS.  PRESSURE 


•AKROCOR'Olaes 
(before  heat) 


'.060  Backed *KIMPAK 
(before  beat) 


•ASTERl'Pad(before  heat) 

^AEROCOR  "Glass 
(after  heat) 


030  Backed ^KIMPAK" 


020  Qlaae  mat 

(starch  bound) 


‘ASTHJ"Pad  (after  heat) 
2 Paper  towels 


.060  Backed "KIMRAK,‘ 
(after  heat) 

550#,PURAYONIER" 

(alpha  cellulose) 

3HASTIC  SIZED  KJ-66"  - 
Blotter  stook 

l/32  Chipboard 
75#  Kraft  paper 


Figure  33 1 Compression  curves  for  various  proposed  pressure -equalising 
materials.  Specimens  pressed  between  flat  plates  In  Tlnlua -Olsen  testing 
machine.  Deflections  read  from  dial  indicator.  Dotted  curves  were  run 
after  pad  was  subjected  to  simulated  curing  cycle  ( 5 min.  at  50  pal,  350*F.) 
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£ . CORE  MATERIAL 

This  sect ion  Includes  exploratory  evaluations  of  various 
types  of  aluminum  honeycomb  cores,  the  effects  of  storing  and  cleaning 
cores*  and  methods  of  controlling  core  thickness. 

There  are  two  basic  types  of  honeycomb  cores,  "expanded"  and 
"corrugated",  produced  at  this  time.  These  classifications  are  derived 
from  the  method  of  manufacture.  In  "corrugated"  cores  the  hexagonal  cell 
configuration  is  established  by  preforming  or  corrugating  the  foil.  The 
projecting  nodes  are  then  coated  with  adhesive  and  butted  against  similarly 
coated  nodes  on  adjacent  strips  of  foil,  under  heat  and  contact  pres- 
sure. Blocks  of  honeycomb  fabricated  in  this  manner  usually  measure 
about  ten  inches  in  the  direction  normal  to  the  plane  of  the  bonded 
nodes.  These  blocks  are  bandsawed  into  slices  of  the  desired  thick- 
ness. "Expanded"  cores  (used  as  a test  vehicle  in  this  project) 
are  made  by  bonding  the  nodes  under  heat  and  high  pressure,  before 
any  forming  of  the  metal  is  performed.  Many  sheets  of  foil  are  bond- 
ed together  in  this  way  to  form  solid  blocks  from  one  to  three  inches 
thiok.  Slices  of  desired  thickness  are  band-sawed  frum  these  blocks, 
and  are  then,  pulled  ("expanded")  into  relatively  long  Siloes  of  honey- 
comb, the  hexagonal  cell  configuration  being  formed  automatically  in 
the  process* 

In  order  that  the  node  bonds  be  strong  enough  to  withstand 
expansion  stresses,  it  is  necessary  to  chemically  clean  the  foil  used 
in  the  "expanded"  core  before  the  adhesive  is  applied.  "Corrugated" 
cores  may  or  may  not  be  cleaned,  since  the  cleaning  is  not  a pre- 
requisite of  the  manufacturing  technique. 

Generally  the  two  cores  can  be  distinguished  by  the  fact 
that  the  material  sawed  in  the  unexpanded  condition  retains  sharp- 
edged  cell-walls,  while  "corrugated"  material  has  a roughened,  burred 
edge.  The  appearances  of  the  two  types  may  be  reversed  where  expanded 
type  cores  are  sawed  after  expansion,  and  corrugated  cores  are  milled  to 
thickness.  Thickness  tolerances  of  the  order  of  0.005  inches  can  bo 
maintained  on  flat  honeycomb  cores,  either  by  sawing  in  the  unexpanded 
condition  or  by  sawing  open  core  "blocks"  or  "logs"  into  slightly  over- 
size slices  which  are  then  sized  to  thickness  in  precision  rolls.  An 
experiment  discussed  in  this  section  indicated  that  it  was  impractical 
to  roll  expanded  cores  to  thickness. 

Cores  of  either  type  are  almost  always  supplied  with  vent 
holes  or  perforations  in  the  cell  walls  to  permit  the  escape  of 
solvents  during  the  panel  cure. 

The  densities  of  honeycomb  cores  are  proportional  to  foil 
thickness,  and  inversely  proportional  to  the  size  of  the  cells. 

Oenerally  speaking,  expanded  cores  can  be  made  in  smaller  cell  sizes 
than  can  corrugated  cores. 
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The  direct  effect  of  cell  else  on  bond  (strength  wee  observed 
In  the  Adhesive  Weight  program  (Part  A,  Section  I).  The  bond  strength 
wee  found  to  be  about  Inversely  proportional  to  the  cell  site  at  a given 
set  of  bond-weight  conditions.  In  roller- coating  experiments  (discussed 
later  in  this  report)  it  was  found  that  the  weight  of  prime  adhesive 
which  can  be  applied  in  a single  pass  is  also  nearly  inversely  proportional 
to  cell  sise  of  the  honeycomb: 

Physical  properties  such  as  compressive  strength  and  shear 
strength  are  primarily  a function  of  core  density , and  are  not  affected 
to  a large  extent  by  cell  sise. 

Cell  else  affects  the  local  degree  of  stabilisation  of  thin 
gage  sandwich  facings  under  compression.  In  tests  conducted  at  Forest 
Products  Laboratory  (reference  38),  it  was  found  that  the  cell  sise  of 
the  honeycomb  should  be  no  more  than  approximately  ten  times  the  thick- 
ness of  the  facings,  if  the  full  properties  of  aluminum  in  compression 
are  to  be  realised.  Related  to  this  characteristic,  is  the  tendency  for 
thin-gage  facings  to  "dimple"  or  "mark  off" into  the  depressions  formed 
by  the  cells,  as  a result  of  excessive  pressure  or  shrinkage  of  the 
adhesire  under  cure.  "Dimpling”  has  occasionally  been  observed  in 
this  projeot  on  l/U -Inch-cell"  FM-U7" bonded  panels  made  with  0.016  inch 
thick  faoinga.  The  type  of  the  press  padding  material,  curing  pres- 
sure, and  the  adhesive  formulation  undoubtedly  influence  the  tendency 
for  facings  to  dimple. 

Small-cell  cores  in  the  lower  density  range  (3  lbs.  per 
cubic  foot,  approximately)  are  somewhat  more  susceptible  to  damage 
from  careless  handling  than  are  large-cell  cores  of  the  same  density. 
Although  there  is  no  record  of  a controlled  comparison  between  small- 
cell and  large-cell  cores  of  the  same  density,  it  is  possible  that 
light-weight  cores  in  the  smallest  cell  sise  are  susceptible  to  tearing 
in  the  peel  test.  Peel  failures  of  this  type  usually  occur  in  con- 
junction with  low  failing  torques  (see  Appendix  II),  but  it  is  not 
known  whether  this  fact  has  any  design  significance. 

The  first  experimental  comparisons  of  the  honeycomb  materials 
of  various  types;  are  presented  in  Tables  1 5 and  16  at  the  end  of  this  dis- 
cussion. It  should  be  emphasised  that  these  evaluations  were  exploratory 
only,  and  were  based  on  very  limited  samplings  from  each  type  of  material. 
The  objective  of  these  evaluations  was  to  determine  only  if  any  basic  dif- 
ferences in  bonding  characteristics  existed  betwean  various  types  of  cores. 

Table  15  shows  the  bond  strengths  developed  by  various  cores, 
under  the  same  conditions  of  adhesive  weight.  Adhesive  weight  was  kept 
in  a range  low  enough  to  confine  failures  to  the  vicinity  of  the  core. 
Although  experimentally  rolled  expanded  core  was  included  in  this  study, 
standard  .xpanded  core,  used  as  a test  vehicle  in  other  parte  of  the 
project. was  not  represented.  At  the  time  the  evaluation  was  performed 
it  was  thought  that  the  results  obtained  from  the  use  of  expanded  cores 
in  the  "Adhesive  Weight"  program  (Part  A,  Section  I)  could  be  used  as 
a control  reference.  Later  work  indicated  that  two  variables,  core-prime 
depth  and  core  cleanliness,  were  not  within  the  same  control  ranges  when 
the  two  seta  of  evaluations  were  performed,  and  that  these  parameters 
appeared  to  be  more  significant  than  the  independent  variable,  "type 
of  coro  material",  studied  here. 
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Cbre  materials  "A"  and  "B"  were  made  by  the  corrugation 
method,  by  two  different  firms.  Core  "A"  appeared  to  hare  been  through 
a rolling  or  flattening  process  which  had  reduced  the  height  of  the 
sawing  irregularities.  (An  attempt  to  differentiate  between  the  peel 
reading*  in  the  areas  which  had  received  the  greatest  amount  of  roll- 
ing deflections,  and  those  which  had  not  been  touched,  was  not  auc- 
oessful.)  Cor*  "A"  had  a generally  clean  appearance,  but  it  was  not 
known  whether  it  had  been  subjected  to  a cleaning  process.  Cor*  *B" 
did  not  appear  to  hare  been  rolled  or  otherwise  processed  after  saw- 
ing. The  special  "rolled-expanded"  cores  were  from  an  experimental 
lot  which  was  passed  through  rollers  in  an  attempt  to  duplicate  the 
condition  of  Core  "A".  Close  limits  on  thickness  were  obtained  by 
rolling  the  expanded  cores,  but  the  operation  produo ed  a compressive 
buckling  or  accordion  plaating  of  the  cell-walls,  rather  than  merely 
upsetting  the  extreme  edges,  as  in  the  case  of  corrugated  core  "A**. 
Apparently,  the  tears  and  burrs  on  the  cell-wall  edges , on  honeycomb 
which  has  been  bandsawed  in  an  expanded  condition,  produce  s trees 
concentrations  which  bring  about  premature  local  buckling  or  updat- 
ing the  cell-wall  edgas,  under  compressive  loading.  Core  which 
has  been  bandsawed  before  expansion,  does  not  contain  local  stress 
concentrations  at  lie  edges,  and  fail*  in  buckling  when  it  i*  rolled 
to  thickness.  Although  it  did  not  appear  practical  to  roll  cores 
sawed  before  expansion,  bond  strength  was  observed  on  this  type  of 
material  to  determine  if  the  different  edge  configuration  might  be 
beneficial. 

Core  "A"  appeared  to  be  superior  to  oore  "B"  in  i-s  ability 
to  provide  good  bond  strengths.  Both  were  superior  to  the  special 
" rolled- expended'1  core  in  their  ability  to  develop  flatwise  tensile 
strength,  but  were  about  equivalent  in  ability  to  develop  peel  strength. 
Later  it  will  be  shown  that  oore  "A"  and  standard  (not  rollecO  expanded 
cores  develop  very  nearly  the  same  peal  and  flatwise  tensile  bonds  un- 
der the  same  conditions . This  faot,  in  conjunction  with  the  fact  that 
"rolled-expanded"  oore  develops  inferior  bonds  in  comparison  to  oore  "A", 
suggests  that  there  is  no  advantage  in  rolling  core  material?  merely  to 
upgrade  bond  strength,  as  has  been  done  in  some  instances.  Although  a 
greater  amount  of  apparent  faying- surface  area  is  presented  by  a rolled 
cell^wall  edge,  the  rolled  edge  presents  essentially  only  one  side  of 
the  fell  for  bonding. 

Table  16  shows  a number  of  incidental  properties  of  various 
cores.  The  expanded  (control)  core  w*..v  included  in  this  evaluation. 

The  rolled  i-  expanded  core  showed  the  lowest  degree  of  thickness  variation, 
but  its  flatwise  compressive  strength  (in  panels)  was  low,  probably  be- 
cause of  the  accordion-pleat  buckling  induced  by  the  rolling  process. 
Core  "B"  exhibited  a very  roor  thickness  tolerance,  but  showed  excellent 
compressive  strength,  even  uhen  its  high  density  was  taken  into  account. 
The  cell  walls  in  this  oore,  including  th#  node  bonds  themselves,  were 
observed  to  be  curvilinear.  This  ourvature  apparently  lent  additional 
column  stabilisation  to  the  walla. under  compressive  leading. 
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Taking  density  into  aocourt*  corrugated  core  "A"  and  expended 
(control)  core  exhibited  nearly  the  same  flatwise  compressive  strengths* 
Thickness  readings  on  the  two  cores  showed  the  sane  order  of  standard 
deviation  (based  on  the  mean  of  readings  on  each  sample*  not  on  0*62$ 
inches)*  except  in  the  case  of  one  of  the  corrugated  sample* which 
shoved  one  extremely  low  reading*  The  area  in  which,  the  reading  wsa 
made  appeared  to  have  been  too  low  to  have  been  touched  by  the  rolling 
deriee  used  to  flatten  the  asperities*  It  should  be  observed  that  the 
sampling  represented  here  wts  inadequate  to  determine  if  thickness 
irregularities  of  this  order  might  occur  In  the  expanded'  core  es 
well  as  in  core  "A" • 

An  experimental  core-slain*,  method  developed  before  the 
start  of  the  project  should  be  discussed  at  this  point*  This  method 
involves  the  milling  of  unexpended  slices  of  rough-cut  honeycomb  to 
close  tolerances*  (A  number  of  special  core  slices  vers  milled  for 
use  In  the  "curing-pressure*  evaluations  in  this  way).  The  expert 
mental  milling  device  was  oapable  of  milling  one  side  in  each  pass 
at  a feed  rets  of  one  lineal  foot  (equivalent  to  approximately  IX) 
square  feet  of  expanded  surface)  per  minute*  without  the  use  of  a 
lubrioant.  It  appeared  that  a heavy-duty  machine  of  this  type 
could  be  constructed  which  would  mill  both  sides  in  cn«  pees  to 
obtain  an  o vs rail  thicknsss  tolerance  of  i 0.002  inches.  It  wee 
felt*  however*  that  the  construction  of  such  e machine  was  not  war- 
ranted by  the  demand  for  flat  honeycomb  cut  to  such  • dose  tol- 
erance. 

The  oore  de lamination  observations  on  Table  16  were  mode 
after  the  cleaning  studies  in  Table  17  were  performed*  Only  oore 
"A"  and  the  expanded  cores  were  tested*  (Core  "B"  was  not  tested 
but  appeared  to  be  generally  low  in  node-bond  strength*  as  evidenced 
by  local  delamina tiona.)  The  primary  objective  of  the  tests  wee  to 
determine  if  node-bond  strength  wee  affected  by  various  cleaning 
methods.  Hot  Inhibited  alkaline  oleening  alone*  or  hrt  chromlo 
acid  alone,OAused  a lose  of  approximately  10  percent  of  the  origi- 
nal node-bond  e trength* while  the  two  in  combination  may  cause  loss 
of  the  order  of  2$  percent* 

In  Table  17  at  the  end  of  this  discussion*  the  effeote  of 
the  storage  and  cleanliness  of  core  materiel  are  explored.  The  top 
half  of  the  table  represents  an  exposed  storage  period  of  four  months* 
after  which  oleening  was  performed  on  half  the  specimens*  end  panels 
were  made  from  ell  of  them.  This  work  was  duplicated  on  corrugated 
end  expanded  oores.  The  oleening  was  done  in  165°F  solutions  of  in- 
hibited alkaline  cleaner  and  chromlo  . aid*  with  rinses  after  each 
solution-dip.  One  panel  in  each  condition  was  made  without  a ©ore- 
prime*  and  two  panels  in  each  condidtion  were  madw  with  e light  oo re- 
prime.  The  depth  of  prime  on  these  cores  was  comparable  with  that 
on  the  panels  presented  in  Table  16,  end  wee  less  than  the  depth  ob- 
served on  the  panels  in  the  Adhesive  Weight  program. 


AF  33(dOO)-23626 


70 


Continued 


I - E, 

***J  *<  » . i , r 

,v<  ■ a Cleaning  was  observed  to  increase  the  bond  strengths  by  a 
significant  amount  in  all  cases.  The  sane  order  o t bond,  strength 
displayed  by  eaoh  type  of  core,  under;  the  same  conditions  of  cleaning 
and  cttjbrege<  This  work  did  not  indicate  whether  the  storage  re-  v 
sponsible  for  the  low  values  on  the  unoleaned  qpres,  or  whether  the.  ., 
strengths  were  low  t/>  start  with  and  were  simply  increased  by  the 
cleaning  process » The  only  available  comparison  was  the  preliminary 
evaluation  in  Table  15  of  core  "A",  soon  after  it  was  received  from 
the  supplier.  The  conditions  of  the  two  sets  of  tests,  other  than 
storage  and  a leaning,  were  almost  identical.  When  first  reoeived, 
core  "A"  displayed  bond  strengths  that  were  much  higher  than  those 
observed  after  storage,  but  oomparable  with  the  values  observed  after 
cleaning,  in  Table  17.  No  realistic  comparison  could  be  drawn  from 
other  data  on  expanded  cores,  so  an  additional  evaluation,  shown  in 
the  bottom  hall*  of  Table  17,  was  run.  All  oores  here  were  unprimed 
and  wer*j bonded,  into  panels  within  2li  hours  after  being  expended. 
Previous  storage  in  the  unexpanded  condition  was  not  aaoertalned. 

In  the  first  part  of  the  second  evaluation  in  Table  15, 
another  attempt  was  made  to  determine  the  relative  effectiveness  of 
the  aUjcaline  and  chromic  acid  treatments,  sii.gly  and  in  combination.  The 
comparison  of  cleaned  vs.  unoleaned  cores  was  unsuccessful  in  that  the 
two  unclasped  (control)  panels  gave  widely  and  unaccountably  different 
bond  strengths.  The  averages  of  the  properties  of  the  two  panels 
were  Intentionally  omitted  from  the  table.  The  comparison  of  clean* 
ing  methods  appeared  reasonably  valid,  however,  end  suggested  that 
alkaline  cleaning  alone  was  the  most  effective  of  the  three  con- 
ditions. < (Note  that  the  total  adhesive  weight  was  low  on  panels 
60U  and  605.)  It  should  be  noted  here  that  the  primary  purpose  of 
a chromic  sold  treatment,  subsequent  to  alkaline  cleaning  is  to 
neutralise  and  stabilise  the  aluminum  surface,  and  is  not  neces- 
sarily done  to  develop  optima-  bond  strength.  The  major  significance 
of  the  observed  effectiveness  of  alkaline  cleaning  in  this  case  is 
that  it  implies  that  the  surface  condition  had  been  downgraded  by 
contamination  and  not  by  chemical  deterioration.  The  effects  of 
storage  on  aluminum  cores  would  undoubtedly  be  much  lees  severe  if 
the  material  were  kept  in  the  original  shipping  container. 

Since  the  original  purpose  oi  the  second  evaluation  was  un- 
fulfilled, a new  test  was  performed,  represented  by  the  six  panels  at 
the  bottom  of  Table  17.  The  new  results  indie  .ted  that  the  cleaning  of 
new  core  material  by  the  methods  used  here  downgraded  bond  strength  to 
some  extent.  The  results  of  this  evaluation  agreed  with  the  results 
of  the  indirect  comparison  of  new  and  stored  samples  of  core  "A", 
and  tended  to  prove  that  excessive  open  storage  can  cause  a deteri- 
oration of  the  faying  surfaces  of  honeycomb  cores. 

A second  conclusion  which  can  bo  derived  from  these  direct 
and  indirect  comparisons  is  that  core  "A"  and  the  expanded  core 
yield  substantially  the  same  bond  strengths  under  the  same  conditions 
of  (exposed)  storage,  cleanliness,  and  bonding  conditions. 
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Although  cleaning  of  the  core  could  generally  be  expected  to 
upgrade  the  faoing-rto-cors  bond  strength,  it  should  be  pointed  out  that 
the  aqueous  cleaning  processes  used  here  tended  to  downgrade  the  node- 
bond  strength  (Table  16) • It  would  appear  that  cores  should  be  primed 
or  made  Into  panels  before  any  extended  open-storage  period  occurs  to 
avoid  any  need  for  o leaning. 

Several  other  factors  should  be  taken  into  consideration  In 
the  Interpretation  of  these  results i 

1.  The  degree  of  the  severity  of  the  control  storage 
ured  In  this  evaluation  (hanging  unprotected  in 
roon  with  hot  cleaning  solutions)  oould  not  be 

os tine ted. 

2.  Die  light  adhesive  line  and  relatively  large  dell 
else  used  In  this  evaluation  aauaed  the  bond  to  be 
relatively  sensitive  to  adhesion  conditions  et  the 
surface  of  the  core  material. 

3.  It  is  generally  believed  that  poor  adhesion  con- 
ditions ere  conducive  to  deterioration  by  corrosion. 

The  conclusions  derived  from  the  work  In  this  phase  are 

as  follows t 

1.  "Corrugated"  and  "expanded"  honeycomb  oores  made 
under  favorable  conditions  of  manufacture  can  be 
wxpeoted  to  yield  the  same  order  of  bond  strength. 

2.  Honeycomb  cores  should  be  primed  or  bonded  Into 
panels  before  any  extended  exposure  to  contamination 
occurs,  if  maximum  bond  strengths  are  to  be  real- 
ised. 

3.  The  aqueous  cleaning  of  contaminated  honeycomb  oores 
tends  to  upgrade  core* to- facing  bond  strength,  but 
It  can  also  be  expected  to  lower  node-bond  strength. 

U.  Some  form  of  rolling  or  pressing  operation  appears 
desirable  and  practical  on  flat  honeycomb  siloes  that 
ere  sawed  from  corrugated  logs  or  expanded  blocks, 
to  improve  the  thiokness  tolerance.  Such  an  operation 
is  neither  desirable  nor  necessary  on  core  slices 
which  have  been  sawed  in  the  unexpended  condition. 
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Expended  core  material  is  not  ordinarily  rolled  to  thickness . The  slabs  tested  here  were  originally 
procured  as  standard  material,  saved  before  expansion,  then  experimentally  rolled  between  serrated  n: 
rolls  in  three  passes.  Ordinary  expanded  honeycomb,  used  as  s test  vehicle  material  in  this  project 
is  not  represented  in  this  tabulation,  and  vas  found  elsewhere  to  be  superior  to  "rolled-expanded” 
honeycomb  in  its  ability  to  develop  flatwise  tensile  strength. 
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TH2CKWES  T0LWRANCN8 , PIAIVIIK  CCMPWS8IYB  8TRCTOTB3 , AND 
NOOK 'BOND  STRBROTHS  OP  VARIOUS  BCNKVCOMBB 


COR*  TYFi 


COHRfOAfED  from 
Nuufuturt:'  "A” 

(Appes rod  to  ten 
bMn  rolled) 


COmOOAIXD  frou 
Manufacturer  "B" 

(No  edge  treatment) 


KXMNC's 

(Control) 


ROUND  EXPANDED  *** 
(Approxlatt*  Initial 
Thickness i 0.629") 


PIATWIS*  CCMPRSSSIVI 
BTREWOTH 

(Bonds4  in  panels) 
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:K  J 
:S  J 


Pet.  of  original 
Strength  Retained 
After  Cleaning 


IM 


Speolaen  dimensions  i 9"  long,  10“  vide,  nominally  .629"  thick. 

Teet  Methods  load  applied  by  rove  of  pins  In  tension  testing  Machine. 

Cleaning  Methods  s as  9 minutes  In  inhibited  alkaline  cleaner  at  l69*F« 

bt  10  minutes  la  ahronlo  sold  (7  os./  1 pil.  approx.)  at  l69*P. 
"Expanded"  cores  are  not  ordinarily  rolled  After  saving.  Theelioee  tested  here  vere 
originally  procured  as  standard  material,  saved  before  expansion,  then  per  lmen tally 

rolled  betveen  serrated  nip  rolls  In  three  passes. 
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TABUS  17 

EFFECT  OF  CLEANLINESS  OF  CORE  MATERIAL  ON  BOND  STRENGTHS 
OF  PANELS  MADE  FROM  EXPANDED  AND  CORRIOATED  CORES. 

Pacific*  t Ala  lad  7LS-T3,  0.016  Inch  thick, 

cl— nad  by  ocutrol  —thoda,  and  pri—d 
with  onourtd  *FH-4i7*  to  0*002  lbi/iq.ft. 

Fllai  •n-kv,  °'07°  Explanation  of  rallura  Coding i 

Coro i lA-0.003,  0.685  thick  ("Corrugated*  ^ % . -Adheeior." 

oor*  fro*  **mifactur*r  *A*J.  Storage,  Ac  . .Adhealon  and  Cohesion  nixed 

oleanlng,  and  ooatlng  condition*  serlable.  c . «cohealon" 
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SECT  lON  I - Continued 


Ft  VARIABLES  IK  THE  PREPARATION  OF  FACINGS  FOR  ADHESION 

1.  Surrey  Reaultei 

Table  18  at  the  end  of  this  discussion  shows  the  cleaning 
cycles  used  in  April  19$ 3 by  nine  sandwich  manufacturers  in  the  prepar- 
ation of  facings  for  adhesion.  It  can  be  seen  that  there  is  some  differ- 
ence of  opinion  amo'g  manufacturers  in  regard  to  optimum  methods  and 
materials  in  all  phases  of  the  cleaning  process*  The  most  widely  used 
solution  represented  here  is  that  originally  recommended  by  Forest  Prod- 
ucts Laboratory  (references  26  and  27) * consisting  of  sodium  dichromate 
and  sulfuric  acid.  Other  acid  treatments  represented  in  this  table  are 
commercial  "spot-welding  etches plain  chromic  acid*  and  mixtures  of 
chromic  aoid  and  sulfuric  acid.  The  last  solution  is  probably  equiv- 
alent to  the  sodium  dichromate-sulfurio  aoid  solution  where  the  haxs- 
valent  chromium  contents  ars  the  same* 

All  of  these  manufacturers  used  hot*  inhibited*  alkaline  clean- 
ers of  some  type  to  degrease  the  parts  prior  to  acid  treatment.  Two  man- 
ufacturers felt  that  a preliminary  vapor  degreasing  operation  was  neces- 
sary to  augment  the  action  of  the  alkaline  cleaner  in  removing  foreign 
matter  from  the  surfaces  of  the  parts.  A hot  rinse  followed  the  alkaline 
treatment  in  almost  every  case.  There  was  apparently  some  difference  of 
opinion  among  manufacturers  as  to  whether  s hot  or  cold  rinse  should  be 
used  after  the  acid  treatment. 

The  drying  performed  after  the  last  rinse  was  often  done  in 
an  oven,  at  temperatures  as  high  as  2$0°F.  Most  manufacturers  limited 
the  storage  or  "holding  time"  between  drying  and  priming  to  eight  hours 
maximum. 


It  ie  generally  believed  throughout  the  adhesive  bonding  in- 
dustry that  nonoptimum  cleaning  procedures  decrease  resistance  to  cor- 
rosive or  weathering  service  conditions.  This  belief  has  been  confirmed 
in  at  least  two  instances. 

The  following  are  a number  of  details  that  came  to  light  in 
the  survey  but  are  not  shown  in  the  tabulation » 

(1)  The  presence  of  chloride  ion  in  the  acid  solution  tended 
to  cause  corrosion  of  the  facings. 

(2)  The  disposal  of  aged*  or  worn  out,  acid  solution  presented 
a troublesome  problem  to  most  manufacturers . In  some  instances., 
when  these  solutions  had  been  dumped  down  the  sewer,  damage  to 
oonduJ  to  and  pumping  systems  had  resulted. 

(3)  The  use  of  old  or  deteriorated  solutions  sometimes  caused 
the  facings  to  be  stained  or  corroded. 

(U)  Poor  or  inconsistent  adhesion  was  sometimes  believed  to 
be  related  to  the  conditions  of  alkaline  cleaning. 
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2.  Preliminary  Observations  of  Cleaning  Process  Deterioration: 

Tne  control  cycle  for  preparing  facings  for  adhesion  In  this 
project  was  chosen  from  a general  study  of  the  tabulated  survey  results . 

It  vns  decided  that  the  sheets  should  be  given  five  minutes'  immersion  in 
an  air-agitated  solution  consisting  of  one  part  sodium  dichromate/  10  parts 
sulfuric  acid,  and  30  parts  water  at  a temperature  of  l40*P.  Preliminary 
to  this  treatment,  a ten -minute  loners  lea  in  a proprietary,  inhibited 
alkaline  cleaner,  "QAKTTE  634'  at  180*7  was  used.  (The  choice  of  alkaline 
cleaning  compounds  used  in  this  project  was  arbitrary  and  was  not  based  on 
any  knowledge  of  differences  in  the  suitability  of  products  from  various 
manufacturers.)  later  in  the  project,  a change  in  alkaline  cleaning  com- 
pounds was  made  from  'tlAKITE  61"  to  " QAKITE  6l-A",  at  the  suggestion  of  the 
manufacturer.  A hot  ( 150*7  approximately)  spray  rinse  was  .used  after  each 
of  these  treatments.  The  sheets  were  force-dried  in  warm  air  for  20 
minutes  after  this,  cycle,  and  were  primed  within  approximate ly  one  hour. 

It  appeared  that  these  conditions  would  be  generally  typical  of  procedures 
used  by  manufacturers. 

In  the  earlier  phases  of  the  project  no  direct  evaluations  of  • 
cleaning  variables  were  made,  and  it  was  not  anticipated  that  a major 
amount  of  work  would  have  to  be  done.  It  will  be  recalled  that  in  the  per- 
formance of  ths  "Adhesive  Weight"  program  (Section  I,  Part  A)  two  chrono- 
logical periods  were  observed  in  which  adhesion  to  the  facings  appeared  to 
be  out  of  control.  Although  no  exact  cause  could  be  assigned  to  this  con- 
dition at  ths  time,  it  was  believed  to  be  related  to  a deterioration  in  the 
effectiveness  of  the  cleaning  process.  This  belief  was  later  confirmed. 

The  loss  in  peel  strength  was  found  to  have  been  caused  by  a relatively 
minor  drop  in  sulfuric  acid  concentration,  the  effect  of  which  had  been 
amplified  by  a poor  selection  of  process  conditions . In  order  to  make  this 
determination  it  was  necessary  to  go  through  three  stages  of  investigations 
of  cleaning  process  variables.  In  the  first  stage,  the  chronological 
occurence  of  peel  readings  vhlch  had  showed  the  loss  of  control  was  compared 
with  periodic  chemical  analyses  of  the  acid  solutions.  In  the  second  stage, 
exploratory  studies  of  individual  cleaning  variables  were  made.  More  com- 
prehensive evaluations,  utilizing  refined  methods,  were  completed  in  the 
third  stage. 


Table  19  shews  a consecutive  listing  of  the  serial  numbers  of 
all  panels  made  in  the  "Adhesive  Weight"  program  from  C-117  through  C-205 . 
The  peel  strengths  of  these  panels  have  been  designated  as  "low",  "medium”, 
or  "high”  depending  on  their  relationship  to  the  levels  of  control  curves, 
made  when  the  specimens  were  broken.  The  nominal  weight  of  the  tape  used 
in  each  panel  is  shown  in  the  right-hand  column.  A number  of  the  "low" 
puuels  have  been  narked  with  asterisks,  indicating  that  an  unusually  high 
percentage  of  the  peel  failure  was  in  adhesion  to  the  facing.  (These  are 
the  same  panels  which  were  marked  with  asterisks  in  Table  1,  and  which 
were  left  out  of  the  "peel  vs.  adhesive  weight"  graphs  in  Part  A of 
Section  I . ) It  can  be  seen  in  Table  19  that  the  occurence  of  low  peel 
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readings  attributable  to  poor  adhesion  at  the  facing  tended  to  occur  dur- 
ing two  chronological  periods,  and  that  the  use  of  a heavy  tape  and/or  a 
email  cell  sice  tended  to  bring  about  an  earlier  manifestation  of  the  loss 
of  control* 

It  should  be  noted  that  all  of  the  peel  strengths  which  were 
described  qualitatively  as  "low"  in  Table  19  would  have  been  considered 
acceptable  under  most  normal  production  or  design  standards.  The  Justifica- 
tion for  giying  particular  attention  to  these  panels  lay  in  the  fact  that 
non-optimum  cleaning  is  almost  universally  considered  to  make  adhesive  bonds 
susceptible  to  deterioration  on  exposure  to  corrosive  media. 

In  order  to  give  an  additional  chronological  representation 
of  peel-strength  trends,  several  panels  having  two  layers  of  "FM-Vf"  tape 
under  each  facing  were  made  with  facings  which  had  been  cleaned  fluid  primed 
at  various  times  in  the  project.  This  type  of  bond  structure  promoted 
conditions  which  Isolated  the  peel  failure  at  the  interface  between  the 
adhesive  and  the  facing.  Table  SO  at  the  end  of  this  discussion  shows  the 
peel  results  observed  in  three  of  these  panels.  The  first  of  this  group. 

Panel  30,  vu  made  from  facings  which  had  been  deemed  very  early  in  the 
project,  and  displayed  an  unusually  high  peel  strength.  (This  panel  was 
originally  made  in  order  to  evaluate  the  strength  developed  by  a "two  tape” 
system,  not  to  observe  the  degree  of  adhesion  at  the  facings.)  Panel  151 
was  made  at  the  time  that  the  first  serlss  of  unaccountably  low  peel  read- 
ings waa  observed.  Its  unusually  low  peel  strength  supported  the  conclusion 
that  the  cleaning  or  priming  processes  had  gone  out  of  control.  As  an 
additional  check,  a faming  which  haul  been  cleflmed  during  the  first  suspected 
periods  of  deterioration,  and  one  cleaned  in  a relatively  new  solution, were 
bonded  into  Panel  187.  The  significant  difference  in  peel  strengths  devel- 
oped in  the  two  sides  of  this  panel  confirmed  that  the  cleaning  and/or  prim- 
ing proossses  had  gona  out  of  control. 

In  the  course  of  the  work,  samples  of  the  acid  cleaning  solu- 
tion had  been  analysed  periodically  as  a routine  check,  which  could  be  used 
as  an  aid  in  isolating  the  cause  of  unforeseen  deterioration  factors  of  the 
type  involved  here.  Table  21,  at  the  end  of  this  discussion,  shows  these 
analyses,  and  shows  the  serial  numbers  of  the  pern* Is  made  at  the  time  the 
samples  were  taken.  The  analyses  corresponding  to  panels  C-15U  and  C-200 
represent  the  conditions  in  the  an  id  solution  during  the  two  periods  in 
which  control  had  been  loat.  Although  the  concentrations  of  some  of  the 
individual  solution  components  appeared  to  have  been  affected  by  age  and/or 
usage  of  the  solution  in  the  two  analyses  in  question,  a comparison  with 
the  chronological  trends  of  peel  strength  in  Tables  19  aa?  20  did  not  revcaJL 
any  obvious  correlations  between  individual  process  factors  and  peel  strength. 
(Later  work  proved  that  reductions  in  aujld  concentrations  had  been  at  fault, 
but  these  reductions  did  not  appear  significant  at  the  time  the  comparison 
was  made.)  It  waa  decided  that  additional  efforts  should  be  made  to  Isolate 
the  exact  cause  of  the  deteriorations . 
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3.  Exploratory  Studies  of  Cleaning -Process  Variables i 

Before  undertaking  the  isolation  of  the  factor  responsible 
for  the  loss  of  control  over  peel  strength,  it  was  felt  neoessary  to 
determine  how  adhesion  could  be  most  effectively  determined  quantitat- 
ively. In  general,  the  results  of  the  "Adhesive  Weight"  program 
(Section  I,  Part  A)  had  indicated  that  flatwise  tensile  strengths  were 
not  affected  by  adhesion  conditions  at  the  facing.  Since  it  was  hoped 
that  the  isolation  program  could  be  conducted  through  the  use  of  only 
one  physical  test,  a program  was  initiated  to  positively  determine  if, 
under  very  unfavorable  conditions,  flatwise  tensile  strength  might  be 
affected  by  adhesion  at  the  facing.  It  was  felt  that  uncleaned  facings 
represented  the  most  unfavorable  conditions  for  adhesion.  Four  panels 
were  made  with  unclean  facings  bonded  to  the  core  under  typical  adhesive 
weight  conditions,  and  were  broken  in  peel  and  flatwise  tensile  tests, 
the  results  of  which  are  shown  in  Table  22,  at  the  end  of  this  discussion. 
While  the  peel  strengths  had  dropped  to  low  values,  flatwise  tensile 
strength  remained  at  a level  which  was  normal,  or  slightly  above  normal. 

(It  should  be  observed  that  no  flatwise  tensile  failures  were  observed 
to  have  occurred  between  the  tape  and  the  facing  in  the  entire  project, 
other  than  in  cases  where  no  pressure  had  been  applied  during  bonding.) 

Sinoe  it  appeared  that  flatwise  tensile  strength  was  not 
quantitatively  related  to  adhesidn  conditions  at  the  facing,  it  was 
decided  to  conduct  peel  tests  only,  and  to  conduct  these  tests  on  panels 
which  had  been  made  with  special,  heavy  bonds  consisting  of  three  "FM-U7" 
tapes.  The  purpose  in  using  multiple  tapes  was  to  provide  adhesive- to- 
core  bonds  which  were  strong  enough  to  assure  that  the  peel  failure 
occurred  at  the  interface  between  the  adhesive  and  the  facing.  It  was 
also  decided  that  all  of  the  "three- tape"  panels  should  be  made  with  a 
high-density  core  material  in  a small  cell  siee  (1/8-.002),  to  assure 
that  peel  failures  would  not  occur  in  the  core  material,  and  that  the 
value  would  be  a true  measure  of  adhesion  at  the  facing. 

Table  23,  at  the  end  of  this  discussion,  shows  the  results 
of  a number  of  exploratory  evaluations  which  were  intended  to  isolate 
the  cause  of  critical  factors  in  the  cleaning  process.  It  is  important 
to  note  that  the  majority  of  facings  were  cleaned  under  the  standard 
control  conditions  used  in  the  earlier  phases  of  the  project.  Some  of 
the  last  exploratory  evaluations  indicated  that  these  control  conditions 
might  be  in  a critical  range.  In  view  of  the  fact  that  the  choice  of 
temperature  (ll*0°F)  and  Immersion  time  (5  minutes)  in  the  acid  solution 
did  not  assure  that  ultimate  values  of  adhesion  were  obtained,  the  ex- 
ploratory evaluations  of  most  of  the  other  variables  appeared  inconclusive. 
It  should  be  noted, however,  that  the  control  conditions  used  here  were 
consistent  with  the  general  practice  of  the  adhesive -bonding  industry, 
and  that  ample  justification  for  their  choice  existed  in  the  survey  data. 
Later  werk  proved  that  the  effects  of  time  and  temperature  must  be  con- 
sidered if  conclusive  evaluations  of  individual  cleaning  solutions 
are  to  be  made. 
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Since  individual  comments  and  conclusions  have  been  presented 
along  with  the  quantitative  results  of  the  exploratory  evaluations  in 
Table  23,  a detailed  discussion  will  not  be  made  here.  The  following 
general  conclusions  were  made  from  the  resultst 

(1)  Variables  in  the  alkaline  cleaning  process  had  little 
effect  on  adhesion. 

(2)  The  addition  of  intentional  contaminants  such  as 
tri valent  chromium,  chloride,  and  ferric  ion  did  not 
have  significant  effects  on  the  level  of  adhesion. 

(3)  A preliminary  wipe  with  ohlorinated  solvent  before 
the  alkaline  treatment  appeared  to  downgrade  adhesion. 

(U)  The  concentrations  of  sodium  dichromate  and  sulfuric 
acid  had  some  effeot,  but  the  nature  of  this  effect  was 
not  clearly  represented. 

(5)  Acid  temperature  was  probably  not  held  within  the 
limits  of  control  required  by  the  particular  conditions 
of  the  above  evaluations. 

It  was  decided  at  this  point  that  the  effects  of  individual 
process  variables  could  not  be  resolved  by  the  conventional  type  of  eval- 
uation utilizing  only  one  immersion  time  and  temperature,  and  that 
surveys  of  literature  dealing  with  research  methods  used  on  other  types 
of  cleaning  processes  should  be  initiated  to  determine  if  more  refined 
methods  might  be  available.  It  was  further  decided  that  before  more 
work  was  initiated,  the  basic  control  variables  should  be  evaluated  to 
determine  the  ranges  in  which  they  were  critical. 

A considerable  amount  of  experimental  data  relating  to  the 
chemical  preparation  of  clad,  heat-treated,  aluminum  alloys  for  spot 
welding  was  found  in  past  issues  of  the  "Welding  Journal" . (A  bibli- 
ography of  these  references  is  included  in  this  report,  following  the 
bibliography  of  sandwich-bonding  references.)  The  type  of  cleaning 
process  investigated  here  appeared  to  be  analogous  to  the  processes 
used  in  the  preparation  of  aluminum  for  adhesion.  It  should  be  noted 
at  this  point  that  Firm  "C"  in  Table  18  used  a commercial  room -temper- 
ature spot-welding  preparation  in  lieu  of  the  standard  hot  sulfuric 
acid-sodium  dichromate  solution.  "Etches"  of  this  type  are  usually 
based  on  a combination  of  hexavalent  chromium  ion  and  an  inhibited 
t^pe  of  hydrofluoric  acid,  and  are  used  subsequent  to  an  alkaline 
degrease  and  hot  rinse.  They  are  not  true  "etches”  in  that  they  do 
not  remove  a significant  amount  of  material  from  the  sheets,  but  only 
deoxidize  the  surfaces,  bringing  the  electrical  contact  resistance  at 
the  surface  to  a low  value,  of  the  order  of  10  micro-ohms. 


AF  33(600)-23626 


81 


I - F,  Continued 


The  background  of  research  on  spot “welding  preparations  in- 
cluded comprehensive  evaluations  of  the  effectiveness  of  the  process  as 
a function  of  concentrations,  alkaline  degreasing  methods,  rinsing  and 
drying  cycles,  holding  time,  immersion  times,  and  solution  temperatures. 

It  appeared  that  much  of  this  information  would  be  directly  or  indirectly 
applicable  to  the  preparation  of  aluminum  for  adhesive  bonding. 

In  the  spot-welding  research,  electrical  surface-resistance 
measurements  were  used  to  evaluate  the  effectiveness  of  the  treatment. 

One  of  the  principle  objectives  was  to  establish  a non— critical  process 
in  which  consistently  low  surfaoe  resistance  could  be  maintained.  In 
each  experiment,  resistance  measurements  were  made  on  a large  number  of 
coupons  immersed  for  various  lengths  of  time  in  the  test  solution.  As 
changes  were  made  in  the  process  conditions,  the  lowest  observed  values 
of  surfaoe  resistance  did  not  vary  appreciably,  but  the  optimum  immersion 
time  required  to  bring  about  a low  resistance  was  subject  to  wide  var- 
iations. If  all  of  the  resistance  measurements  had  been  made  at  a con- 
stant acid -inmera ion  time,  the  results  would  have  had  little  significance. 
It  was  decided  that  future  evaluations  of  adhesion  as  a function  of  chem- 
ical surface  treatment  variables  should  be  based  on  "peel  strength  vs. 
acid  immersion  time"  curves,  rather  than  of  measurements  of  peel  strength 
at  constant  immersion  t-lrne.  This  change  was  later  found  to  be  amply 
Justified. 


It  was  also  decided  that  measurements  of  electrical  surface 
resistance  could  be  made  in  the  course  of  the  work  at  hand,  to  determine 
if  there  might  be  a useful  relationship  between  surface  resistance  and 
the  degree  of  chemical  preparation  for  adhesion. 
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4.  Rinse  Temperature  and  Holding  Time: 

Before  the  "peel  vs.  acid  immersion  time*1  program  was  Initiated 
the  effects  of  rinsing  temperature  and  of  storage  or  "holding  time"  between 
cleaning  and  priming  were  determined.  The  reported  results  of  the  research 
on  spot  welding  treatments  had  shown  that  high  rinsing  temperatures,  long 
rinsing  times,  and  high  alkalinity  of  the  rinse  water  downgraded  the  effect- 
iveness of  processes  of  this  type.  It  should  be  noted  that  the  water  used 
for  rinsing  the  cleaned  facings  In  this  project  was  In  a relatively  high 
range  of  pH  (8.5  to  9),  and  that  the  effect  of  rinse  water  on  adhesion  was 
not  evaluated.  The  survey  results  had  Indicated  that  there  was  a difference 
of  opinion  among  manufacturers  as  to  whether  the  rinse  subsequent  to  acid 
treatment  should  be  hot  or  cold.  The  survey  results  also  Indicated  that 
most  manufacturers  considered  long  holding  times  to  be  detrimental  to 
adhesion. 


Table  25  shows  the  results  of  two  studies  In  which  "holding 
time”  was  adjusted.  In  the  first  study  a hot  rinse  was  used  on  all  of  the 
facings,  in  accordance  with  the  original  control  procedures.  After  clean- 
ing, the  facings  were  suspended  from  hooks  In  a shop  area  for  from  20  to 
100  days.  Panels  which  had  been  made  from  facings  stored  In  this  manner 
for  20  days  showed  peel  values  ranging  from  221  Inch- lbs,  the  usual 

maximum  which  can  be  realised  where  0.016 -inch  alclad  24a -T 3 facings  are 
bonded  with  "FM-47",  to  as  low  as  129  Inch- lbs.,  a level  which  was  con- 
sidered "out  of  control".  A second  set  of  facings,  made  lrt''  panels  after 
100  days  of  exposure,  showed  peel  strengths  ranging  from  54  to  111  lnch- 
lbs.,  indicating  that  an  exposure  of  this  duration  could  not  be  tolerated. 

The  second  evaluation  shown  on  Table  25  was  conducted  on  two 
groups  of  cleaned  facings,  corresponding  to  rinse  temperatures  of  70°k  and 
150°F,  approximately.  Holding  tlms  were  adjusted  from  five  minutes  to 
one  week.  In  order  to  allow  storage  effects  to  be  observed  within  a more 
reasonable  range  of  conditions-  than  were  held  In  the  previous  evaluation. 
The  cold  rinse  upgraded  the  peel  strengths  developed  by  these  facings  by 
approximately  five  percent.  Holding  t linos  of  the  order  of  one  week  did 
not  appear  to  affect  peel  strengths.  It  should  be  noted  that  the  type  of 
exposure  used  in  the  second  group  was  different  from  that  used  In  the 
earlier  group  In  which  20-day  and  100-day  exposures  were  Imposed.  The 
second  group  was  suspended  In  the  same  room  In  which  the  facings  had  been 
cleaned,  whereas  the  first  group  had  been  exposed  In  a shop  area.  It  was 
not  known  which  of  these  two  conditions  was  more  unfavorable. 

Although  the  reaulta  of  the  work  represented  In  Table  25  were 
undoubtedly  influenced  by  the  exact  nature  of  the  exposure  conditions.  It 
appeared  that  the  maximum  holding  time  of  four  hours  Imposed  in  most  pro- 
cess specifications  was  conservative,  as  long  as  ressonabls  preca  -tlons 
were  observed  to  prevent  the  stored  parts  from  being  contaminated.  It 
was  further  decided  that  the  control  conditions  within  this  project  should 
be  revised  to  use  a cold  rinse  rather  than  a hot  rinse  subsequent  to  acid 
treatment . 
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5.  Evaluations  of  Cleaning-Process  Variables  In  Terms  of 
Peel  Strength  vs.  Acid-Immersion  Time: 

A series  of  evaluations  of  cleaning  process  variables  In  which 
acld-lnmerslon  time  was  made  the  Independent  variable  are  shown  In  Table  24. 
It  was  decided  to  perform  the  studies  at  two  acid  temperatures}  140°7  and 
l6o°F.  The  control  facings  In  the  program  were  ale lad  24S-T3,  0.016  Inches 
thick.  The  facings  cleaned  at  each  of  the  lsmerslon  times  were  primed  and 
bonded  with  three  layers  of  "FM-V7"  tape  to  nine- Inch-square  slices  of 
al  1/8-.002  core  material  O.625  Inches  thick.  Two  three- Inch-wide  peel 
specimens  were  tested  from  each  of  these  panels.  The  percentage  of  the 
facing  area  which  appeared  to  have  failed  in  adhesion  was  observed  and  re- 
corded on  each  specimen.  The  acid  solution  was  analysed  periodically  In 
the  course  of  the  Investigation? . 

In  the  course  of  these  Investigations,  a commercial  "surface 
resistance  analyzer"  of  the  type  used  In  resistance  welding  quality  control 
work  was  used  to  take  readings  on  the  freshly  cleaned  and  dried  sheets,  to 
determine  If  electrical  surface  resistance  might  exhibit  a correlation  with 
peel  strength. 


Oroup  C,  in  Table  24,  represents  the  first  "peel  vs.  Immersion 
time"  series,  which  was  to  have  bem  used  as  a control.  Before  the  fabri- 
cation of  these  panels  was  completed.  It  was  noted  that  the  facings  did  not 
appear  to  have  been  thoroughly  degreased  by  the  alkaline  treatment.  This 
grour  (Oroup  "C")  was  set  aside,  and  was  later  compared  with  new  sets  of 
control  panels,  made  after  the  alkaline  cleaning  conditions  vere  Improved. 

Groups  "A"  and  "B"  represent  the  control  panels  made  after  the 
adjustment  In  alkaline  cleaning  solution  conditions . The  peel  strengths  ob- 
served In  Groups  A and  B vere  plotted  In  Figure  35,  and  were  assumed  to  rep- 
resent the  control  relationship  between  peel  strength  and  Immersion  time 
at  tvo  temperatures,  other  conditions  of  the  process  being  optimum.  Later, 
Groups  "0"  "Pj'  and  "V,"  which  vex-e  made  under  near-optimum  conditions,  were 
added  to  the  control  surves  to  augment  them.  The  shapes  of  the  tvo  control 
curves  In  Figure  35,  corresponding  to  the  tvo  acid  temperatures,  are  entirely 
different.  It  can  be  seen  that  the  original  control  conditions  used  In 
earlier  evaluations  (five  minutes'  Immersion  at  140°F)  vere  In  a region  of  the 
curve  which  was  sloped,  suggesting  that  these  conditions  might  have  been  too 
critical  in  themselves  to  permit  the  effects  of  other  variables  to  be  defined. 
At  an  acid  temperature  of  l60°F,  It  appeared  that  an  Immersion  time  of  the 
order  of  three  minutes  would  allow  a maximum  level  of  adhesion  to  be  con- 
sistently realized,  while  at  least  eight  minutes  would  be  required  to  main- 
tain consistently  high  pec.  : at  an  acid  temperature  of  140°F.  Both  curves 
reached  the  same  maximum  level  of  approximately  200  Inch- lbs.  It  was  ob- 
served that  unusually  long  Immersion  times  sometimes  brought  about  a loss  In 
peel  strength,  particularly  where  a high  temperature  was  used. 
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Figure  36  chows  the  peel  strengths  observed  In  the  panels  which 
were  originally  to  have  been  used  as  a control,  but  which  showed  evidence 
of  having  received  Inadequate  alkaline  cleaning.  Although  the  position  of 
the  curve  wai  shifted  laterally,  in  the  lower  range  of  *cld-lnznerelon  times, 
it  appeared  that  maximum  adhesion  was  not  affected  by  the  presence  of  the 
residual  deposit  from  the  alkaline  cleaning  proceee. 

The  survey  of  research  on  spot- welding  alclad  2US-T  aluminum 
had  indicated  that  the  thickness  of  the  sheets  was  an  important  parameter 
in  determining  the  "surfacd  resistance  vs.  immersion  time"  characteristics 
associated  with  spot-welding  preparations.  Thin  sheets  required  much 
shorter  immersion  times  than  did  0.0U0  inch- thick  sheets.  Figures  37 
and  38  show  the  "peel  strength  vs.  acid- immersion  time"  relationships 
at  add  temperatures  of  lhO°  and  160°F,  using  alclad  214S-T3  sheets  0.032 
and  0.012-inch  thick.  A comparison  of  the  shapes  of  these  curves  with 
the  shapes  of  the  control  curves  in  Figure  35  indicates  that  sheet  thick- 
ness has  the  same  effect  in  the  preparation  of  facings  for  adhesion  as  it 
does  where  sheets  are  prepared  for  spot-welding.  Although  facings  that 
were  0.032-inch  thick  required  only  slightly  longer  immersion  times  than 
did  facings  which  were  0.016-inch  thick,  there  was  a considerable  differ- 
ence in  the  optimum  immersion  times  required  for  0.012-inch  and  0.016- 
inch  thick  facings. 

The  shorter  acid-treatment  immersion-times  required  for  thinner 
sheets  are  probably  attributable  to  the  fact  that  copper  from  the  "core" 
alloy  has  migrated  through  the  thin  layer  of  relatively  pure  outer  cladding 
material  during  the  heat-treating  process,  making  the  cuter  surfaces  more 
reactive.  (This  characteristic  is  also  believed  to  make  thin  sheets  less 
resistant  to  corrosion.)  Another  factor  that  may  contribute  to  the  sen- 
sitivity of  acid- treatment  conditions  to  sheet  thickness  is  the  probable 
reduction  in  oxide  film  thickness  as  successive  rolling  passes  are  made. 

Thin  sheets  would  have  correspondingly  thinner  films  of  oxide,  which 
would  require  less  time  for  removal. 

It  may  be  seen  In  Figures  37  and  38  that  the  0.032-lnch  facings 
developed  higher  maximum  peeling  torques  than  did  the  0.012 -inch  facings. 

Had  one  of  the  thicknesses  exhibited  higher  percentages  of  adhesive  failure 
than  the  other.  It  would  be  suspected  that  Its  surface  vas  less  suited, 
chemically,  for  the  development  of  high  bond  strengths.  A comparison  of 
these  percentages  in  Table  2h  is  Inconclusive,  however.  The  comparison  of 
peel  torques  developed  hy  the  two  thicknesses  does  not  necessarily  prove 
that  one  or  the  other  surface  Is  superior,  since  there  Is  undoubtedly  a 
difference  In  the  amount  of  torque  required  to  bend  the  facings  of  each 
thickness.  In  a drum- type  peel  test,  without  back -loading,  the  torque 
required  to  bend  the  facings  is  influenced  by  the  adhesive  forces  In  the 
bond,  since  these  force  . determine  the  radius  of  curvature  of  the  metal 
at  the  line  of  failure.  If  sufficient  back-loading  were  applied  to  the 
specimen  to  draw  the  facing  snugly  against  the  drum,  the  adhesive  forces 
would  not  influence  the  amount  of  torque  required  to  bend  the  facing, 
but  this  torque  would  still  be  a function  of  the  thickness,  the  elastic 
modulus,  and  the  yield  strength  of  the  metal.  The  complicated.  Interrelation 
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of  adhesive  forces  and  bending  forces  In  the  peel  test  without  back-loading 
makes  It  Impractical  to  experimentally  Isolate  the  effects  of  facing  alloy 
or  thickness  on  the  Individual  magnitudes  of  either  type  of  force.  The  use 
of  a back-load,  sufficient  to  hold  the  the  facings  against  the  drum  vouXu 
remove  the  effects  of  adhesive  forces  on  the  torque  required  to  bend  the 
metal  but  the  energy  absorbed  by  the  metal  would  still  be  a function  of 
thickness.  Experience  In  this  project  has  Indicated  that  the  drum  test 
without  backloading  Is  generally  satisfactory  for  the  purpose  for  which  It 
Is  Intended,  l.e.  to  establish  comparisons  of  bond  strengths  where  facing 
material  or  thickness  are  not  variables. 

Figure  39  shows  the  peel  strength  vs.  acid  lmaerslon  time 
characteristics  of  alclad  75S-T6  alloy,  0.032  Inches  thick,  at  an  acid 
temperature  of  140°F.  (It  should  be  noted  that  the  cladding  material 
used  In  this  alloy  Is  of  a different  composition  from  that  used  on  the 
248  alloy.)  The  0.032 -Inch  material  evaluated  here  was  almost  Identical 
with  0.0l6-lnch  alclad  248 -T 3 In  Its  acid -treatment  characteristic . A 
curve  representing  alclad  248 -T 3 0.032  Inches  thick  has  been  traced 

from  Figure  38  on  this  graph.  It  appeared  that  alclad  758  did  not  de- 
velop the  same  order  of  adhesion  observed  on  alclad  248  sheet  of  the  same 
thickness.  8mce  the  yield  strengths  of  the  two  metals  are  substantially 
different,  the  amount  of  peeling  torque  absorbed  In  bending  the  facings 
must  also  be  different.  Feel-strength  readings,  therefore,  do  make  ab- 
solute comparisons  of  the  adhesive  forces  developed  on  each  type  of  surface. 

In  Figure  40,  the  peel  vs.  Immersion -time  characteristics 
are  shown  for  three  groups  of  facings  which  were  acid-treated  without  the 
use  of  air  agitation.  The  consecutive  points  In  each  series  have  been 
connected  by  straight  lines  to  show  their  wide  degree  of  dispersion.  The 
erratic  nature  of  these  peel  curves  was  probably  the  result  of  local  temp- 
erature variations  In  the  solution,  resulting  from  the  lack  of  agitation. 

Figure  4l  shows  the  peel  vs.  Immersion -time  characteristics 
for  three  groups  of  facings  cleaned  In  acid  solutions  that  had  received 
considerable  use.  The  Individual  points  on  these  curves  show  an  unusually 
high  degree  of  dispersion.  (It  should  be  noted  that  these  groups  were  run 
at  an  acid  temperature  of  l60°F  only.)  It  can  be  concluded  that  Inconsis- 
tent results  (not  necessarily  low  readings  only)  might  be  expected  where 
acid  solutions  have  received  extended  use,  which  points  up  the  necessity 
for  frequent  chemical  analysis. 

Some  facings  that  had  received  long  acid- Immersion  In  the 
"worn"  solutions  shoved  the  presence  of  a grey -white  scale.  It  could  not 
be  determined  whether  this  scale  extended  Inward  or  outward  from  the 
original  plane  of  the  surface  of  the  sheet.  Micrometer  readings  did  not 
indicate  any  difference  in  thickness  which  could  be  attributed  to  the 
deposit.  In  priming  the  surfaces  of  some  of  the  heavily  scaled  sheets. 

It  w^s  observed  that  the  liquid  tended  to  be  absorbed  within  the  scale. 
Although  the  peel  strengths  developed  by  heavily  scaled  surfaces  did  not 
appear  to  be  unusually  low,  It  was  believed  likely  that  eventual  resistance 
of  the  bonds  to  weathering  and  corrosion  attack  would  be  impaired.  Ho 
attempt  was  made  to  determine  If  the  structural  properties  of  the  metal 
had  been  Impaired  by  the  presence  of  the  scale.  Since  the  scale  observed 
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on  these  sheets  might  he  very  likely  to  occur  under  normal  production  con- 
ditions, It  was  decided  that  further  work  should  be  done  later  In  an  attempt 
to  Isolate  the  cause  of  the  condition. 

Figure  42  shows  the  effect  of  "breaking- In"  the  acid  solution. 
Spot- welding  literature  had  Indicated  that  freshly  prepared  acid  solutions 
did  not  show  optimum  characteristics,  and  that  the  optimum  characteristics 
were  not  developed  until  a significant  amount  of  material  had  been  pro- 
cessed, or  until  aluminum  salts  were  added  to  "catalyse"  the  solution.  The 
exploratory  evaluations  had  previously  Indicated  that  the  same  character- 
istics might  be  true  for  the  hot  sulfuric  acid-sodium  dlchromate  solution, 
since  the  use  of  a fresh  solution  appeared  to  have  brought  about  low  peel 
strengths  in  one  case.  Group  "0"  In  Figure  42  was  processed  directly  after 
a fresh  acid  solution  had  been  mixed.  Group  "P"  was  processed  after  several 
racks  of  facings  had  gone  through  the  original  fresh  solution.  There  was 
no  detectable  change  In  "peel  strength  vs.  Immersion  time"  characteristics 
as  a result  of  breaking  In  the  solution.  Both  groups  showed  very  little 
dispersion  about  the  control  curve. 

Figures  43  and  44  show  the  effects  of  sulfuric  acid  concentration 
on  a typical  aolutlon  at  two  acid  temperatures.  At  the  acid  temperature 
of  l60°F  (Figure  44)  the  concentration  of  the  acid  showed  no  effect.  Where 
an  acid  temperature  of  l40°F  waa  used,  however,  acid  concentre  <.on  appeared 
to  have  a very  striking  effect  on  the  peel  strength  vs.  Immersion  time 
characteristics  of  the  solution.  Where  the  acid  concentration  was  low, 
a longer  Immersion  schedule  was  required  to  obtain  optimum  adhesion  to  the 
facings.  The  normal  concentration  was  22.4  percent,  whereas  the  "low" 
acid  concentration  used  here  was  16  percent.  This  concentration  was  of 
the  same  order  as  the  concentration  observed  during  both  of  the  periods  of 
suspected  cleaning-process  deterioration  (see  Table  21).  It  was  con- 
cluded that  a depletion  In  acid  concentration  brought  about  by  chemical 
usage,  and/or  "drag  out"  was  the  cause  of  the  low  peel  strengths  observed 
In  the  "Adhesive  Weight"  program. 


Before  leaving  the  discussion  of  Figures  43  and  44,  it  should 
be  noted  that  another  apparent  deterioration  of  the  alkaline  cleaning  process 
was  observed  In  the  "high  acid'  series  (Figure  43)  run  at  1409F.  This  series 
was  the  last  one  run  In  the  program.  Residual  deposits  remained  on  three 
of  the  facings  which  received  the  shortest  inmerslon  times  and  the  pattern 
of  the  stenciled  lettering  was  In  evidence  In  the  deposit.  The  shape  of 
this  curve  Is  generally  similar  to  that  observed  in  Figure  36, where  Inade- 
quate alkaline  cleaning  was  also  In  evidence.  The  Inadequacy  of  the  alka- 
line cleaning  process  in  these  two  Ins  tan  es  was  not  attributable  to  the 
type  of  cleaner,  but  was  a result  of  over-use  and/or  improper  maintenance 
of  the  conditions  of  use. 

It  can  be  seen  In  Table  24  that  measurements  of  surface  re- 
sistance shoved  no  apparent  correlation  with  peel  strength  in  the  majority 
of  the  groups  on  which  readings  had  been  taken.  A definite  correlation  be- 
tween surface  resistance  and  peel  strength  s later  observed  where  a 
commercial  spot-welding  treatment  had  been  substituted  for  the  sulfuric 
acid- sodium  dlchromate  process. 
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Figures  U5  through  48  show  the  effect  of  the  concentration 
of  "active"  sodium  dlchroaate  on  the  "peel  strength  vs.  lsnerelon  time" 
characteristics.  A significant  amount  of  trlvalent  chromium  vas  placed 
In  'these  solutions  to  simulate  the  effect  of  depletion  of  the  active 
hears  valent  chromium  from  extended  use.  These  curves  Indicated  that 
sodium  dlchromate  had  an  Inhibiting  affect  on  the  action  of  the  solution. 
Where  no  active  sodium  dlchroraate  vas  present,  very  lav  peel  strengths 
vere  observed  In  the  normal  range  of  Immersion  times.  (It  Is  possible 
that  a relatively  high  peel  strength  could  have  bean  obtained  at  a very 
short  immersion  time,  but  this  vas  not  considered  a practical  condition.) 

The  time  required  to  reach  a suitable  maximum  level  of  adhesion  vas  in- 
creased as  the  concentration  of  active  sodium  dlchromate  vas  increased 
from  0.1  part  to  4 parts.  (A  concentration  of  one  part  la  normally 
recossaended  for  the  hot  sulfuric  acld-sodlum  dlchroaate  solution,  vhere 
10  ports  of  sulfuric  acid,  and  30  parts  water  are  used. ) Vhere  atrip 
aluminum  would  be  processed  continuously  In  a long  acid  tank,  the  effect 
of  sodium  dlchroaate  concentration  might  be  very  Important. 

The  curves  In  Figures  45  through  48  Indicate  that  the  level 
of  maximum  adhesion  increased  from  approximately  180  lnch-lbs.  to  approxi- 
mately 210  lnch-lbs.,  as  the  concentration  of  sodium  dlehrosm ,e  vas  In- 
creased from  0.1  pert  to  4 parts.  8lnce  thla  trend  vas  not  observed  In 
other  paste  of  the  program  vhere  the  concentration  of  sodium  dlchromate 
had  been  varied,  no  firm  conclusion  vas  made.  It  vas  felt  the*:  .alnor 
variations  In  the  level  of  maximum  adhesion  wore  of  less  Importance  than 
the  ability  to  consistently  develop  peal  strengths  In  a non-crltlcel 
maximum  range.  It  should  be  noted  that  the  affect  of  sodium  dlchromate 
concentration  vas  evaluated  at  only  one  acid  temperature,  l60°F,  and  that 
this  temperature  Is  the  upper  limit  on  the  normal  range  of  temperature  at 
which  the  solution  la  used. 

The  following  general  conclusions  can  be  drawn  from  the 
evaluations  of  peel  strength  In  which  acid -Unmoral on  time  vas  the  Independent 
variable : 

(1)  Acid  temperature  has  a very  striking  effect  on  the  peel 
vs.  toners  ion  time  characteristics  of  clad  aluminum  facings  treated  in  the 
sulfuric  acld-sodlum  dlchromate  solution.  The  temperature  has  little  or 
no  effect  on  the  maximum  level  of  adhesion  obtained. 

(2)  The  concentration  of  sulfuric  acid  In  the  solution  de- 
termines Its  "peel  vs.  lnmerslon  time"  characteristics  at  acid  temperatures 
of  the  order  of  140°F,  but  has  little  effect  at  an  acid  temperature  of  l60°F. 

(3)  An  Increase  In  the  concentre' ' on  of  sodium  dlchromate 
causes  the  solution  to  be  slower  In  Its  operation. 

(4)  Thinner  8 he eta  require  lees  time  In  the  solution  for 
optimum  adhesion  to  be  attained. 
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(5)  There  Is  little  apparent  difference  between  the  Immersion- 
time  characteristics  of  alclad  24a -T 3 and  alcled  758-T6,  but  there  la  a 
difference  In  the  apparent  level  of  adhesion  which  can  be  developed  on  the 
surfaces  of  these  two  alloys  In  a given  sheet  thickness. 

(6)  The  apparent  magnitude  of  adhesion  as  measured  In  the 
"four- Inch-drum"  peel  test  Is  Influenced  by  the  thickness  and  alloy  of 
the  facing  material.  The  amount  of  torque  required  to  bend  the  facings 
Is  Itself  a function  of  adhesion,  since  the  radius  of  curvature  of  the 
bend  Is  Influenced  by  bond  strength.  While  the  use  of  a "back-load"  to 
hold  the  facing  positively  against  the  drum  undoubtedly  removes  the 
tendency  for  the  adhesive  forcos  to  Influence  the  amount  of  torque  re- 
quired to  bend  the  facings,  this  component  of  torque  Is  still  a function 
of  gage.  A drum-type  test  without  back-loading  gives  satisfactory  com- 
parisons of  bond  strengths,  where  facing  material  and  thickness  are  not 
variables . 

(7)  Acid  solutions  which  ha  vs  recleved  considerable  use 
tend  to  give  erratic  values  of  adhesion  and  can  alao  cause  pitting  or 
scaling  on  the  surfaces  of  the  sheets  which  have  been  processed  at  long 
times  and/or  high  acid  temperatures. 

(8)  Some  form  of  agitation  or  forced  convection  should  be 
used  to  assure  that  temperature  Is  consistent  throughout  the  acid  solu- 
tion. 

(9)  Freshly  prepared  solutions  of  hot  (l6o°F)  sulfuric 
acid-sodium  dlchromate  solutions  do  not  require  special  Insertion 
schedules.  Rev  solutions  give  consistently  good  results. 

* (10)  Alkaline  cleaners  which  have  been  used  to  excess  may 

leave  deposits  on  the  surfaces  of  the  facings  which  are  retained  through- 
out the  acid  treatment.  Peel  strengths,  in  the  optimum  range  of  acld- 
lmmerelon  times,  are  not  downgraded  by  this  condition. 
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6.  Studies  of  the  Causes  of  Appearance  Defects  on  Fdcings: 

A special  series  of  tests  van  Initiated  In  an  attempt  to  Iso- 
late the  cause  of  the  formation  of  the  scale  observed  in  connection  with 
the  use  of  old  or  deteriorated  acid  solutions.  It  was  thought  that  the 
cause  of  this  scaling  was  In  the  form  of  a contaminant,  introduced  either  as 
a product  of  the  reaction  at  the  surface  of  the  sheets;  as  a suspended  mat- 
erial in  the  compressed  air  used  for  agitation;  or  as  a product  from  the 
corrosion  attack  on  the  stainless  steel  tank.  Peel  strengths  were  not  ob- 
served In  ’these  tests , since  earlier  work  had  Indicated  that  peel  strength 
was  not  always  seriously  downgraded  by  the  presence  of  the  scale.  Small 
rectangular  coupons,  one  Inch  wide  and  two  Inches  long,  of  alclad  2US-T3 
In  various  thicknesses,  were  immersed  In  agitated  test  solutions  at  l60*F, 
and  were  removed  at  one-minute  Intervals  in  a range  from  zero  to  25  minutes 
of  total  Immersion  time.  All  the  coupons  were  given  a preliminary  hot 
alkaline  treatment  and  hot  rinse  before  the  acid  treatment.  On  removal 
from  the  acid  solution,  the  coupons  were  immediately  rinsed  under  a cold 
water  spray  for  approximately  15  seconds.  After  being  dried  in  warm  air, 
the  coupons  were  carefully  affixed  to  large  sheets  of  blotting  paper  in 
increasing  order  of  immersion  times.  The  appearances  of  the  surfaces  of 
the  coupons  in  the  various  groups  were  then  compared . 

A control  was  first  established,  using  the  deteriorated 
solution  represented  by  group  ■S"  (Figure  UO).  Qroups  of  ooupons  wero 
run  In  thicknesses  of  0.008,  0.012,  0.016,  and  0.032  Inch.  The  character- 
istic scale  began  to  form  on  these  coupons  at  approximately  6 minutes. 

Thinner  sheets  showed  relatively  heavier  deposits,  and  the  formation  of 
these  deposits  occured  In  a shorter  time.  An  attempt  was  made  to  photo- 
graph these  specimens,  but  the  results  were  not  satisfactory.  The  scale 
appeared  to  have  a striated  appearance,  in  the  rolling  direction.  While 
some  of  the  coupons  displayed  a yellowish  tint,  the  scale  was  ordinalily 
a grayish-white  in  color. 

The  analysis  of  the  control  ( deteriorated  ) solution  shown 
in  Table  2k,  (Group  "8")  indicated  that  the  hexa valent  chromium  content  was 
very  low,  and  that  the  iron  content  was  not  unusually  high.  Chloride  and 
silicon  were  not  present  in  excess,  but  the  content  of  aluminum  was  rela- 
tively high.  It  was  decided  to  make  up  test  solutions  in  which  these  and 
other  concentration  conditions  were  artificially  induced.  Thirty  additional 
series  of  coupons  were  run  in  various  thicknesses,  in  various  artificially- 
controlled  solutions.  A tabulation  of  these  results  was  not  attempted,  but 
the  following  conclusions  were  drawn  from  the  study: 

(1)  Excesses  of  trivalent  chromium  (up  to  three  "parts")  did 
not  tend  to  produce  the  scale  in  question.  The  coupons  cleaned  in  solutions 
which  were  high  in  trivalent  chromium  content  often  showed  "rinsing  stains," 
however,  Indicating  that  the  salts  in  this  solution  were  less  soluble. 

(2)  Chloride  concentrations  of  500  parts  per  million  caused 
severe  pitting  and  corrosive  attack  of  the  coupons  at  immersion  times  in  ex- 
cess of  10  minutes  on  the  thinner  sheets.  Chloride  concentrations  of  50  parts 
per  million  caused  no  noticeable  attack  at  Immersion  time  as  high  as  20 
minutes.  The  type  of  whitish  scale  which  was  under  Investigation  was  not 
produced  by  chlorides . 
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(3)  A ferric  ion  concentration  of  0.4  percent  did  not  bring 
about  the  scaling  action  in  question. 

(4)  Agitation  of  the  solution  tended  to  accelerate  the  form- 
ation of  the  scale,  suggesting  that  the  offending  contaminant  might  be  sus- 
pended rather  than  dissolved  in  the  solution.  Mechanical  agitation  appeared 
to  be  as  effective  as  air  agitation  in  accelerating  the  formation  of  the 
deposit . 


(5)  Low  concentrations  of  active  sodium  dichromate  in  them- 
selves did  not  produce  the  white  scale. 

(6)  Additions  of  aluminum  hydroxide,  which  brought  the  cal- 
culated concentration  of  aluminum  ion  to  0.5  percent,  did  not  bring  on  the 
appearance  of  a scale.  (An  analysis  of  this  solution  revealed  only  0.23 
percent  aluminum.  Periodic  analyses  of  other  solutions  used  in  the  course 
of  the  project  indicated  that  a maximum  of  0.3  percent  of  aluminum  could 
be  detected  by  analysis  of  the  dissolved  components.) 

(7)  Although  the  action  of  an  acid  solution  in  good  condition 
tended  to  dull  and  whiten  the  original  finish  of  the  aluminum  to  a certain 
extent,  emphasising  the  appearance  of  the  rolling  marks,  there  was  normally 
no  "etching"  effect,  and  the  surfaces  retained  a high  degree  of  reflectivity. 

(8)  When  the  original  deteriorated  solution  used  as  a control 
was  rejuvenated  to  the  normal  recommended  sodium  dichromate  concentration, 
the  formation  of  the  scale  ceased,  and  was  replaced  by  a pitting  action. 

The  pits  formed  here  were  randomly  distributed  over  the  coupons,  but  appear- 
ed to  be  more  concentrated  near  their  centers.  The  first  traces  of  pitting 
were  observed  at  an  lmanrslon  time  of  six  minutes  on  0.012- inch  material . 

At  an  immersion  time  of  25  minutes,  the  pitting  was  strongly  in  evidence, 
and  some  of  the  pits  appeared  to  be  as  large  as  i/64  Inches  in  diameter. 

The  pits  were  not  black,  as  were  those  produced  by  chloride  contamination, 
but  were  whitish  in  appearance.  The  remainder  of  the  surface  of  the  sheets 
did  not  show  any  unusual  discoloration. 

(9)  When  the  deteriorated  solution  which  previously  had  been 
rejuvenated  to  its  normal  sodium  dichromate  concentration  was  brought  to 

its  normal  level  of  acid  concentration,  the  pitting  action  became  more  severe. 

(10)  When  a fresh  charge  of  alkaline  cleaning  solution  ("QAKITE 
61 -A" ) was  mixed,  the  pitting  action  observed  in  the  rejuvenated  deteriorated 
acid  solution  was  not  inhibited  in  any  way.  It  was  not  determined  whether 
the  drag-out  of  silicate  compounds  from  the  alkaline  cleaner  might  have  been 
responsible  for  the  scale.  As  far  as  is  known  all  alkaline  cleaning  com- 
pounds contain  silicates. 

It  was  concluded  that  no  satisfactory  determination  hai  been 
made  of  the  cause  of  the  scaling  actions  associated  with  the  use  of  "worn- 
out"  or  deteriorated  acid  solutions  at  relatively  high  temperatures  and  long 
immersion  times . The  rejuvenation  of  these  solutions  to  their  normal  recom- 
mended concentrations  removed  the  tendency  to  form  the  scale,  but  replaced 
it  with  a pitting  of  the  surfaces,  which  was  even  more  undesirable.  Chloride 
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concentrations  of  the  order  of  5 00  parte  per  million  had  an  obvious  destruc- 
tive effect  in  themselves , but  were  not  responsible  for  the  formation  of 
the  particular  scale  under  study.  The  concentrations  of  iron,  aluminum,  and 
trivalent  chromium  in  the  solutions  did  not  appear  to  be  responsible  for  the 
scale.  It  was  definitely  established  that  the  thinner  clad  materials  were 
more  susceptible  to  the  formation  of  scale,  or  to  corrosive  attack.  The 
likelihood  of  the  occurence  of  these  undesirable  conditions  under  ordinary 
production  procedures  might  in  some  instanced  call  for  the  selective  use 
of  immersion  schedules  on  various  sheet  thicknesses  and/or  the  frequent 
replacement  of  add  solutions. 

It  is  possible  that  the  appearance  defects  observed  here 
may  be  related  in  some  way  to  impurities  in  the  local  tap  water,  or  to 
some  other  factor  that  was  not  studied  in  these  tests. 

Although  no  accurate  usage  data  were  available,  because  of  the 
variable  nature  of  the  times  and  temperatures  used  in  the  project,  it  was 
estimated  that  approximately  300  square  feet  of  facings  bad  to  be  processed 
in  the  ten-gallon  tank  before  the  scale  deposit  began  to  appear  on  the 
surfaces . It  is  probable,  however,  that  the  conditions  of  the  tests  end 
the  small  else  of  the  tank  oauscd  this  square -footage  figure  to  be  pessimis- 
tic with  respect  to  normal  production  conditions . Assuming  that  in  normal 
production  60  square  feet  of  facings  could  be  safely  processed  with  each 
gallon  of  acid  solution,  in  a 3000-gallon  tank  the  chemical  oost  per  square 
foot  could,  be  determined  in  the  following  manner: 

Total  weight  of  solution  at  10  lbs  /gal:  30,000  lbs. 

Weight  of  sulfuric  acid  (•3-7^/lb. ) assuming 

additional  "upkeep"  added  to  original  charge:  8,000  lbs. 

Weight  of  sodium  dichromate  • rty/lb.  2,700  lbs. 

(Note:  Cost  surveys  indicated  that  sodium  dich- 
romate  is  cheaper  than  chromic  acid  in  terms  of 
hexa valent  chromium  content.  Assumes  that  ori- 
ginal charge  and  upkeep  total  k parts.) 

Total  coat  of  charge 

- (3.7)  (8000)  ♦ 17  (2700)  - $300  + $450  - $750.00 

Cost  per  square  foot  of  facing*  (half  of  cost  per  sq.  ft.  of 
sandwich),  assuming  60  sq.  ft.  can  be  processed  with  every 
gallon: 

$750.00 O.U^/eq.  ft. 

3OOO  gal  x 60  sq.  ft. /gal. 

This  cost  does  not  include  the  mixing  labor  or  the  costs  of  disposing  of  the 
spent  solutions..  The  percentages  of  the  total  cost  of  processing  facings 
which  this  figure  represents  would  be  very  small  for  existing  batch  opera- 
tions, but  would  be  significant  in  a continuous  coll- processing  line. 
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The  useful  life  of  the  acid  cleaning  solution  may  be  extended 
In  the  following  ways: 

(a)  By  using  lower  acid  temperatures  and/or  short  lnanerslon 
times . This  practice  calls  for  more  careful  selection  and  control 
of  acid  temperature.  Immersion  time,  and  chemical  concentrations. 

(b)  By  using  distilled  water  or  boiler -feed  water  In  making 
up  the  original  charge.  It  is  not  definitely  known  whether  this 
practice  will  reduce  the  tendency  to  produce  scale;  it  would  be 
mandatory  where  the  chloride  content  of  the  water  exceeded  50  ppm. 
Distilled  water  usually  costs  from  two  to  five  cents  per  gallon. 

(c)  Possibly  by  the  use  of  "ion  exchange  resins"  to  remove 
solution  contaminants.  (These  compounds  were  not  evaluated.) 


7.  Exploratory  Evaluations  of  Miscellaneous  Cleaning  Methods; 

The  results  of  several  exploratory  evaluations  of  "non-standard" 
methods  for  preparing  aluminum  surfaces  for  adhesion  are  shown  in  Table  26. 
These  evaluations  were  performed  entirely  with  0.016  inch  thick  facings  of 
ale lad  2US-T3,  bonded  with  three  "JW-^7"  tapes  to  al  1/8-.002  core.  Measure- 
ments of  electrical  surface  resistance  were  made  on  some  of  these  facings 
Just  before  the  priming  was  performed. 

Particular  attention  was  given  to  a " room -temperature" , prop- 
rietary, spot-welding  etch,  "DIVERS EY  51^",  since  it  appeared  desirable  to 
determine  if  a correlation  between  the  techniques  used  in  preparing  aluminum 
surfaces  for  adhesion  and  for  spot-welding  might  exist.  This  particular 
compound  was  chosen  for  evaluation  because  it  had  been  used  by  one  airframe 
manufacturer  in  preparing  surfaces  for  adhesion.  It  is  probable  that  most 
compounds  of  this  type  are  similar  in  composition,  and  that  all  are  basically 
similar  to  tha  materials  developed  under  the  research  projects  covered  in 
the  spot -welding ' bibliography. 

Since  it  waa  known  that  the  operation  of  spot-welding  prepara- 
tions is  adversely  affected  by  the  presence  of  ferric  ion,  the  evaluations 
were  duplicated  in  a "PYREX"  vessel  and  in  the  tank  of  "CARPENTER'S  Stainless 
No.  20"  steel  which  was  ordinarily  used  to  contain  the  hot  acid  solution. 
Facings  were  treated  in  the  tank  at  room  temperature  and  at  110#F.  Although 
these  solutions  are  seldom  used  at  temperatures  above  80°F,  it  appeared 
desirable  to  determine  if  an  accelerated  reaction  could  be  induced  by  heat, 
in  order  to  be  able  to  economically  process  continuous  webs . 
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The  graphical  result*  In  Figure  49  indicate  that  the  spot- 
welding  preparation  is  capable  of  producing  the  same  maximum  degree  of 
adhesion  as  is  produced  by  the  conventional  hot  sulfuric  acid -sodium  dlchro 
mate  solutlor  but  that  the  conditions  of  its  use  are  more  critical.  The 
presence  of  ferrous  materials  appeared  to  reduce  the  effectiveness  of  the 
solution.  A warm  solution  appeared  to  be  far  too  critical  in  its  peel  vs. 
immersion  time  characteristics  to  be  practical,  while  the  room -temperature 
cycle  was  more  critical  than  the  conventional  hot  sulfuric  acid-sodium 
dichromate  solution,  in  this  respect.  No  tests  were  performed  to  determine 
whether  treatment  of  the  facings  with  the  spot-welding  preparation  resulted 
in  bonds  which  were  fully  resistant  to  deterioration  from  exposure . 

The  tabulated  results  (Table  2 6)  indicated  that  surface 
resistance  readings  showed  some  correlation  with  peel  strengths  when  the 
spot-veld in g solution  was  used.  Very  low  values  of  surface  resistance 
produced  maximum  peel  strengths,  except  in  the  series  in  which  the  solu- 
tion was  warmed  to  110* F-  It  should  be  re-emphasised  at  this  point  that 
the  conventional,  hot  sulfuric  acid-sodium  dichromate  treatment  does  not 
produce  a correlation  between  surface  resistance  and  adhesion,  nor  la  it 
suitable  for  use  in  treating  aluminum  to  reduce  its  surface  resistance . It 
is  superior,  however,  to  at  least  one  (and  probably  all)  spot-welding  solu- 
tions in  its  ability  to  develop  optimum  adhesion.  It  might  be  possible  to 
chemically  modify  the  room -temperature  spot -welding  preparations  to  give 
equivalent  results.  Such  a development  would  be  desirable  in  that  the 
requirements  for  corrosion-resistant  equipment  would  be  much  less  demanding 
and  in  that  there  would  be  no  need  to  heat  the  solutions.  A revised  type 
of  spot-welding  treatment  for  developing  adhesion  might  also  lend  itself 
to  quality  control  by  means  of  surface-resistance  measurements . 

Two  other  acidic  treatments,  which  were  evaluated  for  pre- 
sentation in  Table  26, were  29  percent  sulf\irlc  acid  and  9 percent  chromic 
acid.  Sulfuric  acid,  at  this  concentration  and  temperature , was  entirely 
unsuitable.  (This  conclusion  la  based  partly  on  other  findings ; see 
Figure  49 . ) No  conclusions  may  be  drawn  in  regard  to  the  suitability  of 
chromic  acid  as  a post-alkaline  treatment,  since  it  has  been  proved  that 
an  evaluation  baaed  on  one  concentration,  one  temperature,  and  one  immer- 
sion time  la  inconclusive. 

Of  the  three  degreasing  methods,  evaluated  without  subsequent 
acid  treatment,  alkaline  cleaning  gave  the  best  and  most  consistent  results 
"Vapor  degreasing"  was  not  evaluated,  but  would  probably  have  given  better 
results  than  did  the  "wipe"  with  a chlorinated  solvent. 


AF  33(600)-23626 


94 


I - F,  Continued 


8.  Degreasing  Preliminary  to  the  Acid  Treatment: 

Although  no  comprehensive  evaluation  of  variables  associated 
vith  the  preliminary  degreasing  treatment  was  performed,  several  general 
observations  can  be  made: 

(1)  Commercial  alkaline  cleaning  preparations  are  entirely 
suitable  for  removing  dirt,  oils,  and  stenciled  lettering  from  the  surfaces 
of  the  sheets,  prior  to  acid  treatment,  ss  long  as  the  solutions  are  "kept 
up"  and  replaced  often  enough  to  maintain  their  effectiveness.  Alkaline 
treatment  alone  does  not  prepare  facings  satisfactorily  for  adhesion. 

(2 ) The  possibility  that  "drag -out"  from  the  alkaline  solu- 
tions may  have  contributed  to  the  deterioration  of  the  acid  cleaning  process 
was  not  explored. 

(3)  Ordinary  recommended  titration  methods,  used  in  the  pro- 
ject, did  not  reveal  the  fact  that  alkaline  cleaners  which  had  been  used  to 
excess  were  not  functioning  correctly.  ("Double  titration"  methods  may  be 
of  value  in  determining  the  effectiveness  of  seme  types  of  compounds . ) 

(4)  Published  information  on  alkaline  cleaning  compounds 
indicated  that  the  warm  or  cold  rinse  subsequent  to  alkaline  cleaning  should 
be  performed  as  soon  as  possible  to  prevent  the  cleaning  compounds  from  dry- 
ing on  the  sheet  surfaces. 

(5)  A considerable,  number  of  proprietary,  inhibited,  alkaline 
cleaners  are  on  the  market,  and  the  optimum  conditions  of  use  for  each  type 
should  be  obtained  from  the  manufacturer.  (Some  general  evaluation  work  on 
cleaners  of  this  type  is  contained  in  literature  on  spot-welding  research.) 

(6)  Vapor  degreasing  with  chlorinated  hydrocarbons  was  not 
evaluated  in  this  project,  but  it  is  probable  that  this  type  of  cleaning 
would  not  remove  stenciled  letters  from  cut-sheet  stock,  unless  some  means 
such  as  "ultrasonic  agitation"  were  available  to  augment  it.  Ultrasonic  agi- 
tation is  difficult  to  apply  over  the  surfaces  of  large  sheets.  It  is  prob- 
able, however,  that  an  ultrasonic  unit  could  be  incorporated  in  a continuous 
coil-processing  line,  in  conjunction  with  a vapor  degreasing  system. 
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(7)  It  appears  that  "spray"  alkaline  cleaning  would  be  the 
most  practical  means  of  removing  dirt  and  oils  from  coil  stock,  on  acontin- 
uous  basis.  Spray  alkaline  cleaners  represent  a special  class  of  compounds 
which  are  "uon-foaming" , and  are  used  at  relatively  low  concentrations. 

(8)  A generally  accepted  theory  in  the  technology  of  alkaline 
cleaning  is  that  the  silicate  which  is  used  in  all  "inhibited"  aluminum 
cleaners  to  prevent  etching  or  "gassing"  forms  a protective  surface  film  of 
colloidal  aluminum  silicate.  This  film  tightly  adheres  to  the  surfaces  of 
the  sheets  through  the  subsequent  hot -rinsing  operation  and  prevents  the 
formation  of  additional  oxides.  Were  it  not  for  the  film  of  silicate,  alumi- 
num would  be  attacked  by  any  hot  aqueous  solution  having  a pH  in  excess  of  8. 
It  is  interesting  to  note  that  silicates  are  considered  to  be  insoluble  in 
both  sulfuric  acid  and  chromic  acid. 
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9.  Other  Variables  Associated  with  the  Preparation  of  Aluminum  for  Adhesion: 

A number  of  factors  which  relate  to  the  problem  of  obtaining 
optimum  adhesion  were  not  evaluated  In  this  project. 

One  factor  which  la  likely  to  affect  the  level  of  adhesion 
is  the  film  of  moisture  adsorbed  on  the  surface  of  the  metal  at  priming. 

This  variable  Is  undoubtedly  Influenced  by  the  temperature  of  the  metal  and 
by  the  relative  humidity  at  the  time  the  priming  is  performed.  High  rel- 
ative humidity  Is  also  considered  to  be  detrimental  to  the  quality  of  bonds 
made  with  most  adhesives,  In  that  moisture  Is  likely  to  condense  in  the  wet 
prime  costing  after  It  has  been  chilled  by  the  evaporation  of  solvent. 
Although  actual  determinations  were  not  made  In  the  course  of  this  project, 
relative  humidity  was  believed  to  be  In  the  range  from  Uo  to  60  percent  In 
the  priming  area.  Early  In  the  project,  it  was  found  that  facing  prisms 
of  "FM-^7"  tended  to  "blush"  unless  the  surfaces  were  warmed  before  and 
after  the  adhesive  was  applied. 

Although  the  "water -break"  teat  is  often  specified  as  a 
quality  control  test  for  adhesion,  a formal  evaluation  of  the  correlation 
between  water-break  and  adhesion  was  not  performed  in  this  project.  The 
technicians  who  conducted  the  cleaning  operations  on  the  test  facings  re- 
ported that  no  "water-breaks"  were  observed  on  rinsed,  acid -treated  facings, 
even  when  very  short  acid -immersion  times  were  used.  Since  the  i'icinge  were 
usually  rinsed  as  quickly  as  possible  after  being  removed  from  the  alkaline 
and  acid  treating  tanks,  it  was  not  practical  to  determine  if  the  solution 
films  tended  to  break  before  the  rinsing  was  performed.  More  advanced 
studies  of  the  physical  characteristics  of  surface  films  in  relation  to 
the  preparation  of  metal  surfaces  for  adhesion  arc  currently  being  conduct- 
ed by  the  Franklin  Institute  under  Air  Force  Contract  llo.  AF  33(6l6)-23^7- 

The  effect  of  the  temperature  of  the  air  during  the  force- 
drying  operation  was  not  directly  evaluated,  but  this  temperature  should 
be  kept  below  lbO*F  If  the  re -formation  of  oxides  on  the  surfaces  of  the 
sheets  is  to  be  avoided. 

According  to  published  literature,  most  acid  treatments  used 
on  aluminum  surfaces  do  not  etch  the  octal  Itself  but  merely  remove  the 
oxide.  (Hydrochloric  acid  is  a notable  exception.)  One  accepted  theory 
is  that  the  oxide  film  is  replaced  by  a more  stable,  compact,  chemical 
film  which  resists  the  re-formation  of  oxides.  Hexa valent  chromium  (os 
found  In  sodium  dlchromate  and  chromic  sold)  inhibits  the  attack  of  acids 
on  aluminum  and  most  other  metals,  and  la  believed  to  bring  about  the  form- 
ation of  a complex  chromate  compound  which  is  particularly  stable  end  re- 
sistant to  corrosive  attack. 

It  shot '1  be  noted  that,  although  the  aluminum  sheet  stock 
used  In  this  project  was  procured  from  more  than  one  manufacturer,  no  dis- 
tinction was  mode  in  the  results  of  the  evaluations  of  cleaning  variables. 
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I - F,  Continued 


It  la  probable  that  the  types  of  lubricating,  cleaning,  and  heat-treating 
methods  used  in  the  manufacture  of  the  aluminum  may  have  some  significance 
in  the  choice  of  the  cleaning-process  conditions  used  for  developing 
maximum  adhesion. 

The  only  facing  alloys  on  which  cleaning  studies  were  per- 
formed in  this  project  were  ale lad  2US-T3  and  alclad  75S-T6.  The  conclu- 
sions derived  from  these  studies  sure  applicable  only  to  the  clad  versions 
of  these  alloys;  the  bare  alloys  are  undoubtedly  more  reactive  and  may 
require  shorter  acid-immersion  schedules.  It  is  likely  that  the  acid -treat- 
ment characteristics  of  very  thin  ( 0.008  and  0.012  inches)  clad  sheets 
approach  the  characteristics  of  the  bare  alloys  because  of  the  migration  of 
reactive  alloying  constituents  through  the  thin  layer  of  cladding  material. 
Although  thin -gage  sheets  of  the  relatively  pure  aluminums  such  as  23  and 
38  would  require  somewhat  shorter  acid-imnersion  times  than  would  thicker 
sheets  of  the  name  alloy,  because  of  their  lower  heat  capacities  and  thinner 
oxide  films,  the  lack  of  diffused  alloy  constituents  in  their  surfaces  would 
tend  to  make  them  less  reactive  than  thin -gage  clad  materials. 

The  majority  of  research  on  the  cleaning  variables  in  adhesive 
bonding  has  heretofore  been  performed  by  the  use  of  the  "lap -shear"  test. 

It  should  be  observed  that  quantitative  results  from  this  type  of  test  are 
often  affected  asymptotically  by  the  yield  strength  of  the  metal,  and  do 
not  necessarily  reflect  the  strength  of  the  bond  in  adhesion  to  the  metal 
surfaces. 
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TABLE  lfl 

CLEANING  CYCLES  USED  ON  FACING  MATEFIALS  BY  NINE  HONEYCOMB  SANDWICH  MANUFAC 


i A-  tm  WW.ftC^a: 


TABLE  21 


RESULTS  OF  PERIODIC  ANALYSES  OF  ACID  CLEANER  SOLUTION 


(Performed  by  C.  M.  Ball,  Afl flayer  Chemist,  Berkeley,  California) 


Equivalent 


Panel  cleaned  at  approx . 
time  of  euialyais 

Sulfuric 

Acid 

Pet. 

Chromium 

Hex  Tri 

Pet.  Pet. 

Iron 

Pet. 

Aluminum 

Pet. 

Cl 

FFM 

Si 

Pet. 

C-l 

22.05 

0.84 

0.006 

0.005 

0.015 

Nil 

— 

C-30 

20.45 

0.68 

0.08 

0.011 

0.020 

10 

— 

C-58 

18.10 

0.51 

0.31 

0.22 

0.06 

10 

.08 

Note:  At  this  point, 
hexa valent  chromium 
was  boosted  by  adding 
sodium  dichromate . 

C -66 

18.0 

1.23 

0.39 

0.31 

0.31 

10 

C-149 

14.8 

0.3f 

0.55 

0.30 

0.28 

40 

.02 

C-154 

14.7 

0.88 

0.57 

0.34 

0.16 

50 

.01 

Note:  Acid  and  alka- 
line solutions  changed 
here. 

C-155 

21.6 

0.84 

Nil 

Nil 

0.005 

Nil 

Nil 

C-200 

18.35 

0.54 

0.21 

0.10 

0.08 

10 

0.01 
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(eoeKiatMd  aaxt  J»i* ) 


TABLE  2k 


KVALOATXOKS  OP  PRXW  VARIABLES 
IN  TfB  CW9QCAL  PREPARATION  OT  ALUKINOH 
3AWVTCH  PACINOS  FOR  ADHESION 

Condliiomi  Om  ItF  x Iff"  tic  Lad  ahMt  (rariabla  Alloy  and  thicknoaa)  in  23  aladirai  r*ck 

iltUMd  In  170°P  aolatiaa  of  "QAXITB  61-A"  «t  7 oa/gal  for  10  nlnataa|  hot  spray 
rlaaad  1 alnata  (approx.),  dippod  in  hot,  alr-«|lUtod  oo lotion  of  (nrwiaallr) 
ono  port  aodlw  diohroanta,  ton  earta  ttlfnio  no  Id.  » port*  ootor  (tl.U 
aqulv.  oolforie  aald,  0. 9US  Ct**),  Tonwraturai  lbO*  or  160°  2 i»°T*  AoV. 
lMnorolon  Unaa  vorlod  dvrlni  ran  at  onoh  oontrollad  condition*,  brand  rron 
told  oolotion  and  lmdiataly  oold  spray  rlnaod  for  30  aac.,  approx*  (pH  of 
rinao  watart  9.3  to  9*3)*  Poroo  driod  in  van  air  for  15  to  20  nia.  Wknuxl 
•hoot  bnaoh-prlnod  within  Ooa  hoar  after  olaanlnc  vltb  dU«u,  dyad  "PH-47" 
and  foroo-driod  with  hot  air  fan  within  ana  hoar  of  olaanlnc > Shaarad 
into  Wo  y"  a 10"  piaoaa \ ooa  piaoa  bondad  to  vnprinad  al  1/B-.002  with  throa 
Uyara  of  haasy  "PH-4t7"  tape.  Carat  five  ainataa  oocttaot  prooaaro  prohaati 
55  mlnataa  at  3b5®F,  35  pol.  Two  pool  •poolnana  tm  Tram  oaoh  pacal* 


acid  BGtxmm  oemomam 


0r>  I W I Al  Cl  I Si  | Dag. I Mia. 


■Vailuro 

(all  tape 
to  Moo) 
Ad 


.60  .13 


*1.6  . 33  .20  .033 


i/» 

1 

i tor  i-V* 

> 

3 

10 


,0l<  (*t.O)  (.60)  (.19)1 .0**)  (.«)  (O)  1.00* 


•0.6  .96  .*0 


(M.O)  (.69)  (.sot  (.3)  (.06M(0)  -ocfl 


•0.6  .96  .ao 


(ai.o)  (.60)  (.991.09})  (.«l  (0)  l.oca) 


( .66)1  (.10 


(*i.oM(.6oX(.19 


1 

i6cr  9 


.0351  < -6*1  (0)  1.006 


(Matlowi  u MI 
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THREE-INCH  PffiL  STRENGTH,  INCH-LBS  THREE-INCH  REEL  STRENGTH,  INCH-LBS 


FIGURE  35  I ' 

PEEL  STRENGTH  VS.  IMMERSION  TIME 
| IN  SULFURIC  ACID-SODIUM  DICHROMATE  SOLUTION 

ALCLAD  2U3-T3,  -Ol6"  TRICK 

(CONTROL)  . I 


fgend.  t 1 I 

Acid  temperatures: 

— O-l60*F,  (Groups  B. 
-A-l40*F,  (Group  A) 


0,  «.  P) 


ACID  IMMERSION  TIME,  MINUTES 

Figure  35  J Control  curves,  Alclad  24S-T3  facings,  .016  Inches  thick  In 
air  agitated  solution  containing  (nominally)  1 pert  sodium  dichr ornate,  10 
parts  concentrated  sulfuric  acid,  30  parts  water.  Alkaline  cleaning  with 
hot  rinse  precedes  treatment;  cold  rinse  and  force-dry  follow.  Facings 
primed  with*FM-47*  bonded  with  3 layers  "FM-47* tape  to  al  1/8-.002  core. 
(From  Table  24).  Note:  some  groups  plotted  here  are  also  plotted  in 
evaluations  of  other  parameters  in  succeeding  graphs. 


1 1 FIGURE  36 

EFFECT  OF  INADEQUATE  ALKALINE  CLEANING 
PRIOR  TO  CONTROL  ACID  TREATMENT  AT  l40*  F. 


Legends 

* — ©-Group  C —I ' ' *- 

Control  (Alclad  24S-T3,  .016  thick  st  l40*r 

From  Figure  35)  III  | 


0123456789  10  20 

ACID  IMMERSION  TIME,  MINUTES 

Figure  36:  Effect  of  inadequate  alkaline  cleaning  cycle  on  first  group 
run  In  series.  Facings  showed  residual  deposit,  with  pattern  of  letter- 
ing in  evidence,  after  alkaline  treatment,  eliminated  after  concentration, 
temperature,  and  lane  r a ion  time  in  alkaline  cleaner  were  increased.  Similar 
appeaxance  and  curve  shape  was  in  evidence  on  160F  "High  Acid"  group. 

Figure  LU*  (From  Table  2U) 


AF  33 (600 )-23626 


ACID  IMMERSICN  TIME,  MINUTES 


Figures  37  & 38 « Effect  of  facing  thickness  (0.032  and  0.012  inches)  on 
relationship  between  peel-strength  and  acid-immersion  time  at  two  acid 
temperatures.  (From  Table  2 h) 
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THREE -INCH  PEEL  STRENGTH.  IBCH-L3S 


FIGURE  39 
ALCLAD  75S-T6 


Legend! 

© Ale  Lad  758 -T6,  .032  thick, '140*F;( 
•—Control  ( Ale  Lad  24S-T3*  -Ol6  thick 
* — .032  ale  Lad  24S-T3  ( Pro*  ^Figure  35 


ACID  UMERSIOlf  TIME,  KIlWrES 

Figure:  39  ! Peel  v» . acid*  lnmers  ion  tia»  at  l4o*F  of  ale  Lad  753-76,  .032  thick 
showing  similarity  with  control  ( Ale  lad  24S-T3,  -0l6  thick)  and 
lower  values  than  sic  Lad  24S-T3  in  saae  thickness.  (Froa  Table  24) 


FIGURE  40  I 

HCW -AGITATED  SOU/TIOII, 
ALCLAD  24S-T3,  .016  thick,  l60*F 


ACID  BMERSIOtT  TIME,  MHfUTE3 

Figure  40:  Effect  of  lack  of  air  agitation  of  acid  solution,  showing  vide 
degree  of  dispersion  about  control.  (Froa  Table  24) 
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Legmid  i I , , 

■A—  Oroup  Qt  Acid  20.5  Cr°*  .35  Cr^*  .41 

O-  Group  ft!  " lB.8  " .12  " .60 

-©-Group  Si  " H.O  " .06  " 

— Control  (ale lad  2US-T3,  .016  Thk,  160P) 


Figure: 


ACID  DMBRSICN  TIMS, MINUTES 

PHl  strength  n . acid-iu*nerslcn  tine,  of  .alolad  243 -T3 
facings  .Olfi  thiok  in  over  aged  solutions  at.  160’F,  show- 
ing high  degrwa  of  dl  spars  ion  about  control.  (Proa  Table  24) 
Facings  cleaned  at  longer  tines  showed  porous  grey-white  scale. 


FIGURE  U2 


ACID  SOLOTIOIf 


Legend! 

— O-  Fresh  Solution  (Group  0)  

Solution  broken-in  by 
cleaning  several  facings  (Oroup  P) 
— “Control  (Alolad  2US-T3 » .016  thk. 


ACID  U-MER3I05  TIME,  MUtOTES 

Figure  U2i  "Fresh"  and  "broken-in"  acid  solutions  at  l60*F  used  to  deem 
aided  24s -T 3 facings,  .016  thick,  showing  no  change  in  insaer 
sion  tine  characteristics  and  low  degree  of  dispersion  about 
control.  (From  Table  24) 
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THREE -ISCH  PEEL  STRENGTH.  INCH-LBS 


I 


a 300 


-©-High  acid*  33*5  pet.  ( Oroup  Z) 
-A- Low  acid,  l£.0  pet.  (Oroup  X) 
Control,  22. 4 pet.  approx. 


♦Last  series  cleaned,  facings  shewed  residue  and 
pattern  of  }.et  taring  indicating  lna 
r.  Omw 


i • >*71 


1'  l M 


ACID  IMtERSION 


9 

10 

20 

Ml] 


Aeld 


Low  Aclf1 


Legend  t 1 1 

-G>-High  acid,  33.5  pet.  (Oroup  AA) 
-A- Low  acid,  lo.O  pet.  (Group  Y) 
— Control,  22.4  pet.  approx. 


Figures 


ACID  IMMERSION  TIME,  MINUTES 

bli 1 Effects  of  high  and  low  equivalent  sulfuric  acid  content 
on  peel  strength  vs.  insersion  tixae,  ale  lad  2US-T3,  0.0l6 
thick,  showing  significant  effect  at  l40*F  and  none  at 
USO’F.  (From  Table  24) 
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VS.  HOUDim} 


Surface  Preparation j 


Priming: 


Material* t 


Thorough  alkaline  cleaning  followed  by  5 ala.  in  agitated 
■ulfurlo  acid  - sodiua  dlchromate  solution  ax  l4o*F . 

Three  minute  variable  temperature  apray  rlnae. 

One  bruah  coat,  *IM-47/adhealve  in  equal  part 
thinner,  on  warned  facing,  dried  with  warm  air. 


Facings  - Ale lad  24S-T3,  .016  in.  thick 
A'lieslve  - Three  layer*  heavy  'FV-47*  tape 
Core  - Al-l/8-.OO?  cut  .625  in.  thick 


28?  20dayo 

283 

284 


FACING  FREPARATI 


*» 


tie  | 

« • T 


111  tllf 


Pet. 

of 

Average 


.002  150(approx 
.002  " 


221 

89 

15 

198 

93 

25 

129 

87 

45 

111 

80 

65 

76 

50 

65 

54 

81 

85 

80 

64 

65 

189 

96 

>0 

197 

94 

50 

194 

92 

35 

189 

94 

50 

203 

89 

5° 

196 

92 

£5 

211 

86 

45 

200 

91 

50 

Exploratory 

Evaluation 

of 

Holding  Tim 


Average  of 
peels  m 

202  inch- lb*. 


*■  - Storage: 


"Exploratory1  series  was  suspended  uncovered  in  shop  area  of 
honeycomb  manufacturing  plant.  "Rinse  temperature"  series 
was  suspended  ^covered  in  room  with  cleaning  tanks. 
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TABU  26 

EXPLORATORY  EVALUATIONS  OP  VARIOUS  SURFACE  PREPARATION  METHODS 

SPECIMENS i Aided  2VS-T3  facings , 0.016  Inches  thick,  cleaned  by  various 
methods,  primed  with "FM-U7*  to  0.002  lbs/sq.ft  - ; bonded  with 
three  layers •PM-Vf* tape  to  Si  l/8- .002"  core. 


SURFACE  PREPARATION 

T 

* 

THREE  INCH  PEEL 

X 

mm * * 

1 

FINAL  TREATMENT 

1,11 

* P 

Average 
(2  speci- 
mens ) 

Percent 

Failures 

M 

DEGREASE 

Time 

at  Facing 

H 

Solution 

Temp, 

Min., 

jv  i ft 

w 

i)  h m 0 

£ 



Sec. 

alas 

In.-# 

Ad 

Co 

10  min.  in  alkaline 

1 

458 

solutlon”at  l65*F 

•DIVERSEY  514m  ir 

70*F 

1 

295 

98 

90 

10 

459 

•t 

Pyrex  'Vessel 

approx 

2 

54 

156 

75 

25 

460 

M 

(■••  Fig.  1*9) 

4 

6 

204 

60 

4o 

46l 

*1 

A,s " ‘V 

53 

135 

60 

4o 

412 

5 min.  earns 

;.V!  I 

93 

63 

90 

10 

5H 

■DIVERSEY  514"  it 

30  sec 

233 

71 

97 

3 

512 

Stainless  Steel 

70-F 

90  sec 

110 

86 

98 

2 

513 

Tank 

approx 

3 

33 

133 

90 

10 

514 

(see  Fig.  49) 

4 

18 

148 

55 

45 

515 

5 

12 

150 

70 

30 

516 

6 

18 

128 

85 

15 

517 

10 

63 

146 

80 

20 

518 

10  min.  in  alkaline 
solution*  at  165 aF 

20 

107 

73 

95 

5 

11  1 — 

519 

‘i.  P| 

v*  E M 

80 

184 

55 

45 

520 

45  sec 

20 

114 

75 

25 

521 

50  sec 

21 

139 

80 

20 

522 

1 

19 

145 

60 

40 

523 

75  eec 

46 

189 

60 

40 

524 

2 

54 

131 

75 

25 

525 

5 

18 

84 

80 

20 

526 

mm 

6 

24 

60 

90 

10 

362 

5 min.  in  alkaline 

5 

... 

66 

85 

15 

363 

solution*  at  l65*F 

25*  H28O4 

jjjij 

5 

— 

69 

85 

15 

433 

10  min.  in  alkaline 
solution*at  l65*F 

5^  Chromic  Acid 

M 

5 

170 

55 

99 

B 

4l4 

Acetone  vipe 

(none) 

s 

1120 

34 

99 

B 

415 

CCI4  vipe 

(none) 

m 

a 

240 

30 

99 

i 

300 

15  min.  in  alkaline 

■a 

58 

98 

2 

301 

aolutlon*at  l65*F 

... 

... 

57 

98 

2 

302 

(none) 

... 

-- 

54 

98 

2 

413 

■ 

“ “ “ 

53 

99 

1 

* 'QAKXTE  ' 6l-A" 

**  Average  of  8 readings  in*PALCC>  (Model  VT-Il)  Surface  Resistance  Analyzer 
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SECTION  II 


PROCESS  AND  EQUIPMENT 


Concurrent  with  the  experimental  studies  of  variables  that 
affect  bond  strength,  covered  In  Section  I,  evaluations  of  process 
and  equipment  variables  were  being  performed  by  means  of  experimental 
and  surrey  work*  The  scope  of  these  developments  included  core-priming 
methods,  the  coating  of  facings  in  the  sheet  and  ooll  forms,  methods 
of  processing  coiled  aluminum,  control  of  flatness  in  curing  fixtures, 
and  evaluations  of  corrosion-resistant  tank  and  rack  materials.  The 
results  of  these  evaluations  are  discussed  In  this  section. 


A - Adhesive-Coat 


of  Honeycomb  Coret 


1.  Surrey  of  Existing  Methodst 

The  survey  of  existing  methods,  performed  at  the  start  of 
this  project  indicated  that  flat  honeycomb  oore  materials  were  being 
adhesive-coated  by  a variety  of  methods,  including  power  roller- coating, 
hand-rolling  with  conventional  or  pressure-fed  "paint  rollers",  spraying, 
brushing,  and  "*dge-dipplng" . Where  "tapes"  were  used  in  the  bond,  rela- 
tively light  applications  of  adhesive  were  required,  and  power  roller- 
coating was  the  most  generally  used  method.  Where  a "liquid-only"  bond 
was  used,  the  adhesive  had  to  be  applied  in  e relatively  heavy  "bead" 
(0.06  to  0.07  lbs.  per  sq.  ft.,  approximately,  both  sides)  at  and  above 
the  edges  of  the  o ell- walls*  Hand- rolling  or  brushing  were  found  to  be 
the  most  commonly  used  methods  of  applying  heavy  beads • Power  roller- 
costers  were  sometimes  used  to  apply  bsads,  but  at  least  fifteen  double 
"passes"  through  the  machine  were  usually  require'4  to  deposit  sufficient 
material.  A special  method  of  spraying  was  sometimes  used  to  apply  heavy 
beads.  Here,  the  surface  of  the  material  was  first  "cobwebbed"  over  by 
holding  the  gun  at  some  distance  from  the  work.  The  gun  wee  then  brought 
close  to  the  work,  and  a dense  layer  of  wet  adhesive  was  applied  over 
the  cobwebbing.  This  layer  coalesced  almost  immediately  into  a "bead" 
on  the  top  edges  of  the  cell  walls.  The  method  was  tried  experimentally 
in  the  projeot  and  found  to  be  generally  satisfactory,  although  con- 
siderable skill  was  required  to  maintain  a consistently  beaded  surface* 

Power  roller  costers  were  observed  in  use  in  two  oandwioh- 
manufactuxlng  plants*  These  machines  were  ordinary  unhooded  " venae r- 
eoatera"  of  conventional  design,  usually  operated  by  two  men*  One 
man  inserted  the  core  slices  at  the  infeed  sldej  the  other  man  re- 
moved the  slices  and  handed  them  baok  over  the  machine  for  tks  next 
pass*  Although  the  machines  were  considered  to  represent  the  best 
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production  devices  available,  there  were  several  disadvantages  con- 
nected with  their  use.  Chief  among  these  was  the  fact  that  the  ex- 
coesive  handling  of  the  core  material  tended  to  remove  the  wet  adhe- 
sive locally.  Other  disadvantages  were  excessive  cleanup  time,  rapid 
evaporation  of  solvents  from  the  stock,  hazardous  working  conditions 
for  the  operators,  and  excessive  number  of  passes  required  to  apply 
the  proper  weight  of  adhesive. 

The  survey  revealed  that  fabric-reinforced  bonds  were  rapidly 
raplacing  liquid-only  ("heavy  bead")  bonds  in  the  industry’s  preference. 
Usually,  the  fabric  was  added  in  the  form  of  a cloth-support  in  a dry 
film  of  adhesive.  Two  major  "sup ported -film"  or  "tape"  systems  were  In 
use  at  the  time  of  the  survey.  The  majority  of  collected  information 
relating  to  process  variables  and  physical  properties  was  found  to 
apply  to  the  "FM-U?"  supported  film  and  liquid  system  supplied  by  the 
Bloomingdale  Rubber  Co  of  Chester,  Pennsylvania.  Because  "FM-U7" 
liquid  appeared  to  be  typical  of  metal  adhesives  as  a class,  in  that 
its  low  solvent  boiling  point,  high  viscosity,  and  low  solids  content 
represented  unfavorable  handling  conditions,  it  was  used  as  a test 
vehicle  in  coating  experiments. 


2.  Evaluation  of  the  Veneer  Coatert 

The  first  stage  in  this  program  was  an  evaluation  of  a typioal 
"veneei'-coater"  as  a core -priming  device.  The  Machine  used  hero  wae  a 
light-duty,  ••double"  (two  aide)  ooater  in  the  low-priced  class.  The 
applicator  rolls  were  four  inches  in  diameter  and,  covered  with  a deep 
resilient  coating  of  neoprene,  smoothly  ground.  Power  was  appliad 
through  roller  chains  and  gears,  from  an  enclosed  l/U-hp  motor.  The 
doctor  rolls  were  mounted  on  the  "in-feed"  side  of  the  machine.  (See 
sketch  at  the  top  of  Table  27  at  the  end  of  this  discussion,  and  photo- 
graph, Figure  75,  at  the  end  of  Appendix  I.)  There  was  no  covering  or 
hood  to  restrict  solvent  evaporation.  Originally,  this  machine  had 
been  built  with  the  lower  doctor  roll  on  the  "outfeed"  eide.  Conven- 
tionally, most  veneer  coate rs  are  built  in  this  manner  so  as  to  per- 
mit use  of  the  angular  cavity  between  the  applicator  roll  and  the 
spreader  roll  as  a reservoir,  on  both  the  upper  and  lower  seta  of  rolls. 
This  machine  had  been  modified  by  the  previous  owner  to  utilise  a pan- 
reservoir  system  under  the  lower  rolls.  The  usual  "cavity-reservoir" 
system,  with  a "seal  plate"  at  each  end,  was  retained  in  the  top  rolls. 

In  the  first  trial  of  this  machine  as  a core -coating  device, 
undiluted  “FM-47"  adhesive  was  poured  in  the  cavity  reservoir  between  the 
two  upper  rolls.  The  relatively  small  amount  of  adhesive  in  the  cavity 
was  subjected  to  a considerable  amount  of  churning  and  aeration.  With- 
in fifteen  minutes,  during  which  time  both  fresh  adhesive  and  thinner 
were  added,  the  stock  had  dried  to  a point  where  it  was  completely 
unusable.  The  oore  material  processed  in  the,  interim  received  a very 
inconsistent,  blotchy  coating}  many  of  the  cells  were  filled  with 
adhesive,  and  "cobwebbing"  was  in  evidence.  It  appeared  that  the 
lack  of  an  enolosure  to  restrict  solvent  evaporation,  in  combination 
with  the  small  reservoir  capacity,  made  it  impractical  to  use  the  top 
coating  rolls  in  further  work. 
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In  the  next  trl*l, mFM-U7w adhesive,  diluted  with  an  equal 
part  of  VM-ii  7*  thinner,  was  placed  in  the  pan  reservoir,  under  the 
bottom  rolls.  Doctor  setting,  cell  site,  and  the  number  of  passes 
were  adjusted  in  this  run.  The  unit  weights  of  adhesive  to  the  cores 
were  determined  by  weighing  the  cores  before  they  were  coated,  and 
after  they  had  received  an  overnight  air-dry,  subsequent  to  coating. 

The  depth  of  prime  down  the  cell  walls  was  estimated  with  the  aid  of 
a machinist’s  scale.  The  weight  and  depth  results  are  shown  in  Table 
27,  at  the  end  of  this  discussion.  Although  the  primes  were  relatively 
consistent  and  free  from  cebwebbing  and  blotching,  they  were  very  light 
in  relation  to  the  number  of  passes  which  had  been  applied.  The  ad- 
hesive In  the  pan  reservoir  remained  reasonably  clear  and  low  in  vis- 
cosity after  one  hour’s  operation,  but  the  unit  weights  tended  to  in- 
crease with  time,  indicating  that  a significant  loss  of  solvent  was 
occurisg.  -It  was  concluded  that  the  use  of  diluted  adhesive  reduced 
the  handling  problems  in  coating,  but  waa  otherwise  uneconor  leal. 

The  next  runs  were  made  with  undiluted  adhesive  in  the  lower 
reservoir.  The  weights  and  prime  depths  observed. In  this  run  Are  also 
shown  In  Table  27.  The  following  conditions  were  bbeerved  during  the 
runt 


(1.)  There  was  again  some  cobwebbing  and  blotching  on 

the  primed  surfaces,  particularly  after  the  adhesive 
stock  had  been  used  for  some  time. 

(2.)  High  circular  ridges  of  adhesive  spaced  at  approximately 
l/U-inch  intervals  were  formed  on  the  surfaces  of  the 
rolls.  These  ridges  tended  to  leave  heavily  primed 
"stripes”  down  the  lengths  of  the  core  slabs,  and  ap- 
peared to  cause  significant  variations  In  depth  of  prime. 

(3.)  Adhesive  tended  to  crawl  steadily  out  on  the  roll 
journals,  over  the  edge  of  the  pan.  This  adhesive 
eventually  was  deposited  over  the  side  frames,  motor, 
bearings,  gears,  and  drive  chains.  The  adhesive 
loss  from  this  flow  was  of  the  same  magnitude  as 
the  amount  applied  to  the  core. 

(U.)  The  loss  of  solvent  from  evaporation  appeared  greater 
in  thin  run  than  during  the  run  with  diluted  adhesive. 

A heavy  odor  of  solvent  fumes  surrounded  the  coater 
during  this  run,  and  after  two  hours  of  operation,  the 
workmen  felt  generally  ill  from  the  effects  of  the  fumes. 
(The  toxic  and  noxious  nature  of  the  fumes  from  the 
solvents  in  "FM-U7"  are  not  necessarily  peculiar  to  this 
adhesive;  stronger  and  more  immediate  effects  were  some- 
times observed  in  working  with  other  formula ticn. a. ) 
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It  « ims  apparent  that,  although  power  rolle r-coa ter.i  represented 
the  most  efficient  known  devices  of  applying  adhesive  primes  to  large 
pieces  of  flat  core,  special  modifications  were  required  to  fit  them 
for  high  production*  The  following  modifications  were  carried  out  on 
the  existing  machine  for  evaluation  during  runs  in  which  quantities  of 
core  material  were  primed  for  use  in  other  phases  of  the  project* 

( 1*)  The  rolls  and  reservoir  warm  partially  enclosed 

with  sheet  metal  to  res trio t evaporation*  (A  photo* 
graph  of  a fully  enclosed  conmeroial  machine  is  shown 
in  Figure  60,  at  the  end  of  Section  II«*B, ) 

(2*)  The  speed  was  reduced  from  approximately  50  f pm  to  25  fpm. 

( 3*)  The  entire  unit  was  placed  out  of  doors  as  a temp* 
orary  expedient  during  coating  runs  to  minimise 
toxicity  and  explosion  haaards. 

(li*)  The  standard  Switch  was  replaoed  with  an  explosion* 
proof  switch  . (The  motor,  although  fully  enclosed, 
was  not  explosiant'proof.  ) 

(5*)  Specially  contoured  "deflector  plates"  were  placed  over 
the  Journals  inboard  from  the  edges  of  the  pan  reservoir 
to  reduce  tendency  for  adhesive  to  leave  the  pen. 

(6.)  A removable  expanded-metal  safety  guard  was  placed 
over  the  top  rolls  to  reduce  accident  hanard* 

Additional  runs  shoved  that  these  modifications  had  beneficial 
effects,  but  that  they  did  not  entirely  remove  the  problems  of  excess 
fumes  and  loss  of  adhesive  over  the  edges  of  the  reservoir.  The  'adhe- 
sive still  tended  to  gather  in  ridges  on  the  rolls,  causing  relatively 
heavy*  deep  streaks  on  the  core  material*  The  core  material  primed  in 
these  runs  was  not  believed  to  present  the  desired  degree  of  uniformity 
for  control  purposes  in  experiments  dealing  with  bond  strength,  but  was 
considered  generally  representative  of  oore  primed  for  production  pur- 
poses* It  was  later  determined  that  the  inconsistent  depth  of  adhesive 
on  these  cores,  a manifestation  of  the  tendency  for  adhesive  to  form 
ridges  on  the  rolls*  caused  the  bonds  to  be  low  in  strength-weight  ratio* 

The  formation  of  the  ridges  was  observed  to  occur  at  the  gap 
between  the  doctor  and  applicator  rolls.  As  the  metered  adhesive  emerged 
from  the  dootor  gap*  la  was  divided  over  the  two  roll  surfaces*  It  did 
not  distribute  evenly  into  two  uniform  films*  but  tended  to  concentrate 
Itself  alternately  on  one  roll  and  then  the  other*  at  an  even  spacing 
or  pitch  down  the  length  of  the  rolls*  The  concentrated  areas  tended 
to  be  drawn  into  ridges*  tho  ridges  on  one  roll  corresponding  to  the 
valleys  on  the  other.  As  the  adhesive  grew  mu re  viscous  from  loss  of 
solvent*  the  spacing  tended  to  increase  and  the  ridges  became  higher 
and  narrower*  Under  the  most  extreme  conditions  the  ridges  became  as 
high  as  1/8  inch  (approximately)  and  their  spacing  from  each  other  was 
approximately  1/2  inch.  Ridges  as  high  as  1/8  inch  caused  prime  depth 
variations  of  approximately  1/32  inch. 
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The  ridging  effect  on  the  rolls  and  the  tendency  to  apply 
the  liquid  in  stripes  is  a common  problem  in  the  coating  industry . The 
effect  is  most  pronounced  where  resinous  adhesives  are  handled,  prob- 
ably because  of  the  high  viscosity  and/or  cohesion  of  the  liquid. 

Ordinarily,  the  ridging  problem  is  relieved  cm  commercial 
roller  ooaters  by  causing  the  doctor  rolls  to  rotate  at  a slower -speed 
then  the  applicator  rolls.  In  order  to  prevent  damage  to  the  roll 
surfaces  in  the  event  of  positive  contact,  the  doctor  rolls  are  usually 
driven  through  an  over- running  clutch.  In  the  roller  oca  ter  used  in 
these  evaluations,  all  of  the  rolls  turned  at  the  same  speed  and  were 
driven  positively.  A roller  coater  having  the  over-running  feature 
would  undoubtedly  have  given  better  results,  provided  that  the  adhesive 
was  not  so  viscous  that  it  actually  caused  the  doctor  roll  to  be  driven 
by  the  applicator  roll*  Discussions  with  coating  manufacturers  in- 
dicated that  the  use  of  a alow  doctor  roll,  in  any  event,  would  not 
completely  remove  the  striping  problem. 

It  should  be  noted  here  that  low  adhesive  viscosity  is  not 
necessarily  dasirabls  in  coating.  A Viscosity  which  is  too  low  my 
cause  adhesive  to  run  down  the  cell  walls  beyond  the  optimum  desired 
depth.  Similarly,  the  use  of  a high-boiling  solvent  may  cause  the 
applied  adhesive  to  Fun  while  the  primed  core  la  being  dried. 


3.  Experiments  with  the  Hand-Operated  Coater j Immersion  of  Wet  Rolls 

It  was  decided  to  evaluate  methods  of  relieving  adhesive 
roller  coating  problems  an  the  snail,  hand-cranked  test  coater  (the 
same  coater  used  in  evaluations  of  skin-priming  variables,  discussed 
In  the  succeeding  secti  m)  • The  roll  layout  of  the  smaller  machine 
was  generally  similar  to  that  of  a veneer  coater,  except  that  no  pro- 
vision for  "top  coating"  was  made.  Several  runs  were  made  on  this 
machine  to  prime  core  material  for  use  in  other  bond-strength 
evaluations. 

A red  dye,  "OH  RED  '0»",  was  added  to  the  adhesive  stock  in 
these  runs  to  facilitate  inspection  of  the  primed  cores.  (It  is  generally 
recommended  that  a dye  be  incorporated  in  liquid  adhesive  used  for 
priming.  The  dye  used  here  way  not  be  optimum  for  this  purpose.  The 
degree  of  color  intensity  required  in  core  primee  was  found  to  be  not 
as  great  as  that  required  in  akin  primes . ) 

It  was  found  that  the  weight  applied  in  each  pass  on  the 
smaller  machine  was  generally  lower,  and  the  depth  of  prime  shorter, 
than  had  been  observed  on  the  larger  machine.  The  cause  of  this 
difference  wee  later  traced  to  the  fact  that-  the  doctor  roll  en  the 
smaller  machine  was  above  the  level  of  the  adhesive  in  the  pan,  a 
condition  which  was  due  to  the  particular  configuration  of  the  coater, 
and  did  net  exist  in  the  runs  in  which  facings  were  coated.  Drying  of 
the  adhesive  on  the  doctor  roll  caused  the  gap  to  b scons  effectively 
smeller,  reducing  the  amount  metered  onto  the  applicator  roll)  con- 
sequently the  amount  and  depth  of  the  prime  on  the  core  was  reduced. 
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(The  shorter  prime  depths  applied  in  this  machine  were  always  observed 
to  give  generally  higher  bond  strengths  at  any  given  set  of  weight 
conditions ^ a fact  which  confirmed  the  results  of  the  studf  of  the 
effect  of  core  prime  depth*)  It  was  concluded  that  both  the  doctor  and 
applicator  rolls  should  always  be  immersed  in  the  adhesive  a took,  if 
consistent  results  ware  to  be  obtained' with  adhesives  having  low- 
boiling  solvents.  In  effect,  this  conclusion  precludes  the  use  of 
any  system  utilising  "transfer-. rolls",  with  low-boiling  solvents* 

The  same  conclusion  was  made  independently,  in  the  work  with  sheet- 
coating equipment,  using  dilute  adhesives* 

The  adhesive  in  the  hand-driven  smaller  ooater  showed  the 
same  tendency  to  form  ridges  on  the  applicator  roll  as  it  did  In  the 
larger  machine*  The  tendency  for  adhesive  to  leave  the  pan  on  the 
surfaces  of  the  journals  was  still  observed. 


U*  Effect  of  Roll  Sur facet 

In  an  attempt  to  reduce  the  "ridging"  effeot  and  apply  more 
adhesive  In  a single  pass,  a grooved  steel  applicator  roll  was  fab- 
ricated and  tested*  The  grooves  in  this  roll  were  semicircular  in 
cross  section,  1/32- inches  in  depth, and  spaced  at  $/6U-lnoh  intervals* 

No  Improvement  in  results  was  observed*  The  honeycomb  oell  walls,  in 
contact  with  the  wat  roll  surface  did  not  draw  the  adhesive  from  the 
grooves,  end  appeared  to  have  lighter  and  shallower  primes  than  those 
observed  on  material,  primed  with  a 3«.»thly  ground  rubber-covered  roll. 

Although  the  aforementioned  evaluation  itself  did  not  give 
sufficient  data  to  form  a conclusion  as  to  the  effeot  of  roll  hardness, 
the  experience  with  coatlrg  equipment  accrued  in  this  project  has 
indicated  that  solid  metal  rolls  would  not  bs  suitable  for  costing 
core  material* 

When  it  is  considered  that  a doctor  setting  of  About  0*020 
inch  is  optimum,  and  that  the  closest  standard  tolerance  on  commercially 
available  cores  is  1.005,  it  can  be  seen  that  the  use  of  non- resilient 
rolls  would  bring  about  either  prime-depth  errors,  core  crushing,  or  a 
combination  of  the  two.  On  the  other  hand,  it  is  generally  known  that 
thick  rubber  coverings  and/or  coverings  of  low  Durometer  are  ok  re  subject 
to  swelling  and  deterioration  from  the  aotion  of  solvents*  A neoprene 
of  70  Durometer  la  generally  considered  to  give-  the  best  service  with 
the  solvents  used  in*FM-UT.  One  manufacturer  of  veneer  coate  re  has 
ventured  the  opinion  that  the  beet  compromise  between  roll- life  and 
resilience  would  be  offered  by  a covering  of  70-Durometer  neoprene, 
approximately  5/16  inches  deep  on  a rail  approximately  8 inches  in 
diameter*  Thtse  conditions  would  appear  to  be  reasonable*  (It  should 
be  noted  that  most  standard  veneer  coateu  are  offered  with  coverings 
approximately  twice  as  deep.)  Although  two  manufacturers  have  proposed 
that  "gelatin"  coverings  be  used,  the  contractor  has  had  no  experience 
with  this  material.  It  is  usually  considered  advisable  to  use  "relief 
springe"  in  the  roll  mountings  to  prevent,  damage  resulting  to  the 
machine  when  oversite  materials  are  fed  through.  In  the  case  of  oo r» 
material,  these  springs  should  probably  be  set  at  a low  pressure  setting 
to  prevent  damage  to  the  roll  surface  from  the  sharp  oell-vall  edges* 
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In  the  core-priming  work  in  this  project,  it  appeared  that 
the  best  method  for  setting  the  working  clearance  or  height  of  the 
rolls  for  a given  core  thickness  was  to  place  a small  slice  of  the 
core  between  the  rolls  while  the  machine  was  stopped,  and  bring  the 
tolls  together  until  the  core  could  still  be  moved  about  under  very 
low  hand  pressure  without  deforming  the  cells*  The  core  was  then 
re-introduced  at  several  places  along  the  width  to  check  the  paral- 
lelism of  the  roll  centerlines* 

Slippage  between  the  rolls  and  the  core  or  roll-speed 
differentials  are  very  undesirable, since  they  cause  exoess  adhesive 
to  be  built  up  on  only  one  side  of  the  cells* 


5.  Doctor-Blade  Metering* 

The  next  modification,  a doctor  "blade"  in  place  of  the 
doctor  roll,  proved  to  be  highly  successful.  The  general  layout 
of  this  arrangement  is  shown  in  Figure  5 0 at  the  end  of  this  discussion. 
Table  28,  on  the  same  page,  shows  weights  and  depths  of  prime  applied  in 
this  manner.  The  use  of  a doctor  blade  rather  than  a roll  as  a metering 
device,  completely  removed  and  tendency  for  the  adhesive  to  form  ridges 
on  the  applicator  rolls.  The  core  primes  were  almost  completely  uniform 
in  depth  at  any  given  doctor-gap  setting.  The  maximum  depth  variation 
was  approximately  0.00$  inches.  The  improved  consistency  made  it 
possible  to  estimate  average  depth  with  reasonable  accuracy,  whereas 
this  could  not  be  done  on  material  primed  in  a doctor-roll  coater. 

In  operation,  the  adhesive  yas  observed  to  be  doctored 
smoothly  and  evenly,  the  excess  falling  directly  back  into  the 
reservoir  from  the  gap.  As  important  as  the  improvement  in  the 
consistency  of  the  pricing  operation  was  the  fact  that  after  one 
hour  of  operation,  the  adhesive  in  the  reservoir  was  of  substantially 
the  same  viscosity  as  at  the  staft  of  the  run.  There  was  no  loss  of 
adhesive  at  the  edges  of  the  reservoir,  and  the  odor  of  the  solvents 
around  the  machine  was  far  less  intense  than  in  previous  runs.  (The 
test  fixture  was  not  "hooded"  iv»r  this  run.)  Evidently,  the  blade- 
metering  system  brought  about  less  evaporation  from  one  or  more  of 
the  following  causes t 

(1.)  Only  one  moving  roll  was  covered  with  adhesive  film. 

(2.)  There  was  no  "parting"  action  in  the  adhesive  at  the 
doctor  gap* 

(3.)  The  smoothly- metered  film  on  the  applicator  roll 

presented  less  surface  area  than  the  ridged  surface 
characteristic  of  other  metering  systems* 

Although  it  was  expected  that  some  dried  resin  might  accumulate 
on  the  top  and/or  bottom  of  the  blade  after  long  operation,  there  was 
no  wetting  whatsoever  on  the  top  and  only  a very  light  wetting  on  the 
bottom,  extending  for  about  1/16  inch  from  the  sharpened  edge. 
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The  core- prime  weights  applied  in  the  dootor-blade  run 
(Table  26)  were  found  to  be  slightly  less  than  those  applied  in  a roll- 
metered  system.  The  reason  for  the  difference  undoubtedly  lay  in  the 
fact  that  in  the  absence  of  excessive  solvent  evaporation,  the  solids 
content  of  the  blade-metered  mix  remained  substantially  the  same 
(approximately  20$)  throughout  the  thin.  (Higher  solids  contents  were 
always  observed  to  give  heavier  prime  coats,  other  conditions  being 
the  same.) 

The  evaluation  of  the  doctor  blade  had  to  be  performed  on 
3/16-inch-thick  slices  of  core,  because  of  an  unanticipated  kinematic 
problem.  The  position  of  the  blade  was  located  by  a straight,  non- 
rotating shaft,  placed  in  the  doctor-roll  Journal  bearings.  This 
orientation  permitted  the  same  doctor-gap  control  to  be  used  on  either 
the  blade  or  the  roll.  The  interference  arose  from  the  fact  that  the 
blade  w«s  mounted  too  high  to  permit  slabs  thicker  than  l/U"  to  pass 
between  the  rubber  rolls  (the  sketch  does  not  depiot  this  condition.) 

For  this  reason,  the  blade  oould  not  be  used  in  the  priming  of  0.625- 
inch  core  for  bond -strength  evaluations.  Very  little  core  material 
remained  to  be  primed  for  the  bond-strength  evaluation,  after  the 
development  of  the  blade  principle,  so  the  design  of  an  improved 
blade-metered  fixture  for  this  purpose  was  not  justified.  There  was 
no  doubt  that  blade -metering  would  have  resulted  in  an  improvement 
in  bond  strength  at  any  given  unit  weight  oore  prime.  The  grounds 
for  this  conclusion  are  as.  follows i 

(1)  Shallow  primes  proved  to  offer  the  best  strength- 
weight  ratios. 

(2)  Where  the  prime  is  inconsistent  in  depth,  a major 
portion  of  the  material  would  b#  deposited  beyond 
the  optimum  (shallow)  depth  limit,  and  would  not 
be  used  efficiently  in  the  bond. 

(3)  The  blade-metering  system  allowed  the  material  to 
be  placed  at  a shallow,  uniformly  controlled  depth. 

6-  Contacts  with  Coster  Manufacturers: 

At  this  point,  letters  were  sent  to  a number  of  manufacturers 
of  coating  equipment,  giving  a description  of  the  blade  device  and  of  the 
re  suite  obtained..  Shortly  afterward,  the  project  engineer  visited,  several 
of  thsee  firms  during  the  tour  of  eastern  sad.  nCLdveatero  equipment  man- 
ufacturing plants.  The  manufacturers  of  " venae r-ooatera"  expressed  con- 
siderable interest  in  the  blade  principle,  and  Indicated,  that  the  roll- 
and-blade  configuration  used,  in  these  Investigations  had.  not  previously 
found  any  use  on  this  type  of  coating  equipment.  (The  terms  "doctor 
blade",  "doctor  knife",  "scraper  bar"  and  "metering  bar"  are  generally 
applied  to  a number  of  types  and  configurations  of  metering  and  wiping 
devices  used  on  wet  rolls.  The  conclusions  obtained  in  this  project 
apply  only  to  the  configuration  shown  in  Figure  50,  as  far  as  is  known. ) 
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Most  von ear- coating  applications  do  not  call  for  "stripe-free" 
coatings,  and  the  roll- metering  s’-s terns  in  their  usual  form  are  normally 
considered  adequate.  For  this  reason,  coater  manufacturers  have  not 
previously  felt  there  was  a need  for  more  refined  systems.  The  manu- 
facturers generally  agreed,  however,  that  the  priming  of  honeycomb  rep- 
resented a unique  problem.  It  was  proposed  to  the  manufacturers  that 
blades  could  be  incorporated  in  standard  veneer  coaters  by  placing 
straight  cylindrical  shafts  in  the  bearings  intended  for  the  doctor  rolls 
and  locating  the  blade  assemblies  about  these  shafts.  The  original 
dec  tor-gap  adjustment  features  could  be  retained  in  this  manner.  Be- 
cause of  the  obvious  desirability  of  priming  the  top  sides  as  well  as 
the  bottom  sides  of  the  core  slabs  in  the  same  pass,  the  application  of 
the  blade-metering  principle  to  the  top  roll  was  discussed  at  length. 

The  manufacturers  agreed  that  the  proposed  method  of  replacing  rolls 

with  blades  was  generally  practical  and  proposed  that,  at  the  top  roll, 
the  blade  itself  could  be  made  \ he  bottom  component  of  a reservoir. 

The  sides  of  the  reservoir  would  resemble  the  conventional  "seal- 
plates"  used  on  existing  machines,  except  that  they  would  bear  against 
only  one  roll  and  would  be  bored  to  receive  the  locating  shaft. 


7.  Conveying  Systems* 

The  manufacturers  of  coating  equipment  were  also  asked  to 
oomment  on  the  feasibility  of  handling  the  freshly  primed  core  on  a 
driven  conveying  system.  In  response,  a system  Involving  driven, 
knife-edged  discs  was  proposed.  Diec  conveyors  of  this  type  have 
been  used  to  some  extent  on  flat-surface  parts  coated  on  their  under- 
side. An  experiment  (discussed  in  Section  II- B,  "Coating  of  Facings") 
had  previously  indicated  that  knife  edge  conveyors  were  not  practical 
for  handling  adhesive-coated  aluminum  facings  because  of  their  tendency 
to  strip  the  costing  from  the  surface  wherever  contact  occurred.  It 
was  believed,  however,  that  a prime  costing  on  the  edges  of  honeycomb 
cell  walls  would  not  be  as  subject  to  stripping  because  of  the  inter- 
mittent contact  of  the  coated  surfaces  with  the  discs,  and  because  of 
the  small  area  of  adhesive  contact  on  the  discs  in  relation  to  the 
area  of  adhesive  contact  on  the  cell  walls. 

In  order  to  test  this  theory,  a number  of  sharp-edged  steel 
discs  were  placed  on  a free-turning  shaft,  mounted  at  the  outfeed  end 
of  the  hand-operated  test  coater.  Although  the  discs,  shaft,  and 
other  parts  became  covered  with  "cobwebbing"  there  did  not  appear  to 
be  any  signli leant  transfer  of  prime  adhesive  from  the  core  material 
to  the  edges  of  the  discs.  Since  it  was  known  that  the  cobwebbing 
would  not  occur  in  a properly  designed  machine  (the  fixture  used  here 
had  the  conventional  doctor-roll  system  and  was  not  hooded)  it  was 
concluded  that  a disc  conveyor  system  should  be  practical  for  this 
application.  It  was  further  deoided  that  such  a system  should  be 
equipped  with  fixed  scraper  knives  on  the  first  few  driven  shafts  to 
preclude  any  chance  of  building  up  excessive  amounts  of  adhesive  on 
the  edges  of  the  discs  after  contiguous  use. 
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8*  Drying  Ovens;  Preliminary  Design 

Since  effective  means  had  been  developed  for  uniformly  and 
efficiently  applying  primes  to  the  cores,  and  for  conveying  the  wet 
cores  as  they  emerged  from  the  machine,  attention  was  directed  toward 
the  possibility  of  force-drying  the  material  on  the  conveyor,  so  that 
it  could  be  handled  at  the  end  of  each  pass  without  danger  of  removing 
adhesive.  It  is  generally  believed  that  an  oven-dried  coating 
tends  to  receive  a heavier  application  of  liquid  in  the  succeeding  pass 
than  does  a coating  which  is  still  wet,  but  this  theory  was  not  confirmed 
by  experiment.  Preliminary  c alculations  were  made  to  determine  the 
venting  capacity  and  heat  consumption  which  would  be  required  in  a 
continuous  "tunnel"  oven  for  drying  primed  core  material.  These  cal- 
culations Indicated  that  the  oven  would  have  approximately  the  same 
configuration  and  capacity  as  the  continuous  curing  oven  proposed  in 
the  continuous  coil>processing  line,  which  was  under  design  at  that 
time.  It  was  originally  assumed  that  the  core  material  would  travel 
through  the  coater  and  even  at  a speed  of  35  fast  per  minute,  that  tha 
heated  length  of  the  oven  would  be  18  fert,  and  that  a temperature 
gradient,  increasing  from  100°  to  250°F,  would  be  applied  to  the  material. 

In  order  to  duplicate  and  evaluate  these  conditions,  several 
freshly  primed  coupons  or  honeycomb  wore  plaoed  in  a laboratory  oven 
set  at  300°F,  for  30  seconds.  Thermocouples  were  located  in  the  centers 
of  the  coupons  and  observations  were  made  through  a glass  in  the  oven 
door.  Although  certain  conditions  of  the  test  were  favorable  (the  temp- 
erature was  high,  and  not  in  the  form  of  an  increasing  gradient)  the 
conditions  as  a whole  were  considered  unfavorable  in  that  the  honeycomb 
was  not  consistently  coated  (much  of  the  adhesive  was  concentrated 
in  local  area^  and  the  air  velocity  within  the  oven  was  relatively 
low.  The  temperatures  within  the  honeycomb  coupons  were  observed  to 
rise  uniformly  and  reach  a maximum  of  approximately  2U0°F  within  25 
seconds  on  all  the  specimens,  including  some  which  received  additional 
coats  of  adhesive  after  successive  drying  cycles. 

Visual  observation  revealed  that  solvent  in  the  denser  por- 
tions of  the  coating  began  to  "boil"  after  about  15  seconds  (180°F, 
approxlmatsly)  but  that  the  boiling  stopped  after  the  25  seconds  had 
elapsed.  An  inspection  of  the  dried  surfaces  after  removal  from  the 
oven  ndicated  that  the  bubbles  no  longer  existed  in  the  areas  in 
which  boiling  had  occurred;  the  adhesive  had  coalesced  completely  into 
a relatively  dense,  homogenous  mass.  The  coating  appeared  generally 
dry,  and  was  not  tacky.  It  appeared  that  the  drying  conditions  im- 
posed here  would  have  been  generally  adequate  to  prepare  freshly  primed 
core  for  handling  and  for  successive  additional  roller- coating  passes. 
There  was  no  doubt  that  the  conditions  were  favorable  when  compared  to 
conditions  in  which  the  wet  core  is  removed  from  the  coater  by  hand  and 
given  another  pass  after  a very  short  air  dry. 
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9.  Preparation  and  Distribution  of  Proposed  Specifications 


The  conclusions  and  results  of  the  evaluations  dealing  with 
the  priming  of  core  material  were  compiled  in  "Proposed  Specification 
•S-5'  For  Mechanised  Core-Priming  and  Drying  Line".  (See  Appendix  V). 

A schematic  drawing  of  the  line  (C-3)  and  a drawing  showing  the  oro posed 
method  of  modifying  standard  venesr  coat era  for  core  priming  (C-4)  were 
included*  a The  text  of  the  specification  included  a general  description 
of  the  process  requirements,  pertinent  observations  on  desirable  and 
undesirable  features,  and  a set  of  sample  calculations  dealing  with 
heat •capacities  and  air  rates  in  the  oven. 

Copies  of  "Specification  'S-5 '"were  distributed  among 
manufacturers  of  coating  and  oven  equipment  for  comments  and  approxi- 
mate cost  estimates.  The  following  is  a listing  of  manufacturers 
who  acknowledged  receipt  of  the  letter,  and  indicated  that  they  could 
supply  portions  of  the  equipment  required  for  the  coating  and  drying  of 
honeycomb  core  material.  (This  list  doss  not  constitute  an  endorsement 
of  the  qualifications  of  these  firms,  and  undoubtedly  overlooks  some 
firms  who  axs  qualified  to  supply  this  equipment.) 


Coatir^  Machines t 

Black  Brothers  Co.,  Inc. 

^03  Ninth  Avenue 
Mendots,,  Illinois 

Potdevin  Machine  Co. 

200  North  Street 
Teterboro,  New  Jersey 

Oven  and/or  Conveying  System j 

Aladdin  Heating  Core. 

Ill  West  137th  Avehue 
San  Leandro,  California 

Drying  Systems,  Inc. 

1808  W.  Foster  Avenue 
Chicago  UO,  Illinois 

Grieve- Hendry  Co.,  Inc, 
l8ll  West  Lake  Street 
Chicago  12,  Illinois 

Industrial  Ovens,  Inc. 

13825  Triskett  Road 
Cleveland  11,  Ohio 


Union  Tool  Corp. 

Warsaw,  Indiana 

John  Waldron  Corp. 

P.  0,  Box  791 

Now  Brunswick,  Now  Jersey 


Young  Bros.  Co. 

1831  Columbus  Road 
Cleveland  13,  Ohio 

W.  C,  Matheson  Co. 

228  - 9th  Street 

San  Francisco,  California 

Ovens  for  Industry,  Inc. 

2032  West  105 th  Street 
Cleveland  2,  Ohio 

J.  0.  Boss  Engineering  Corp. 
600  St.  Paul  Avenue 
Los  Angeles,  California 


j 


1 


i 
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The  coating  manufacturers  who  specialize  in  veneer- coating 
equipment  indicated  that  no  major  revisions  were  considered  necessary 
in  the  design  of  the  "doctor-blade"  coater.  The  range  of  their  estimates 
indicated  that  a suitable  machine  could  be  procured  for  a price  of  the 
order  of  $2,500.00  under  competitive  bidding  conditions. 
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Oran  manufacturers  voiced  some  opposition  to  the  proposed 
configuration  of  the  oven.  (The  configuration  was  not  offered  as  a 
firm  recommendation.)  It  should  be  noted  that  a few  of  the  configur- 
ations offered  as  alternatives  appeared  to  be  obviously  impractical 
in  themselves.  The  oven  manufacturers  generally  agreed  that  the 
length  of  the  heated  portion  should  be  increased  from  18  feet  to 
approximately  2U  feet,  to  simplify  the  temperature- control  problems • 

They  further  pointed  out  that  tha  original  estimate  of  the  heat  in- 
put was  in  error,  in  that  it  neglected  the  BTU's  required  to  heat  the 
core  material  Itself.  An  important  and  apparently  valid  criticism  of 
one  of  the  baaio  assumptions,  on  the  ovens  in  both  the  core  line  and 
the  coil  line,  was  offered  by  one  manufacturer  of  continuous-coil 
lines.  The  water  vapor  produced  as  a product  of  combustion  in  a 
direct  gas-fired  heat  exchanger  is  likely  to  condense  into  the  coat- 
ing as  a result  of  the  difference  in  temperature  between  the  work 
and  the  surrounding  air.  This  observation  would  appear  to  be  applic- 
able to  any  type  of  oven  in  which  adhesive  coatings  are  applied,  and 
would  make  the  use  of  an  indirect- fired  unit  mandatory  for  usa  with 
and  bonding  system  that  was  susceptible  to  strength  loss  from  the 
absorption  of  water. 

An  analysis  of  the  comments  and  estimates  received  from  the 
oven  manufacturers  indicated  that  the  conveyors,  oven  housing,  and  heat 
exchanger(s)  could  be  purchased  at  a price  of  the  order  of  $15*000.00. 
Final  proposals  on  this  type  of  equipment  would  require  boom  scrutiny 
to  ds tannine  if  fully  practical  systems  were  being  offered  by  every 
manufacturer. 

The  comments  and  criticisms  received  from  manufacturers  in 
regard  to  "Specification  S-5”  were  used  in  preparing  a "Supplement" 
containing  notes  which  supersede  the  information  In  the  original 
specification,  where  applicable..  Both  the  original  specification  (with 
minor  corrections  included)  and  the  supplement  appear  in  Appendix  V. 

It  must  be  emphasised  that  this  specification  material  is  not  intended 
to  be  formal,  rigid,  or  binding  and  was  prepared  only  to  serve  as  a 
guide  in  the  intelligent  selection  of  equipment  by  manufacturers  aid 
users.  It  should  be  noted  that  "Proposed  Specification  S-5"  is  not  a 
Government  specification. 

10.  Cost  Savings  from  Improved  Methods! 

It  is  estimated  that  the  cost  of  priming  and  drying  flat 
core  material  can  be  reduced  to  approximately  half  the  cost  of  current 
methods  assuming  full-shift  operations  in  either  case.  It  is  assumed 
hers  that  the  ourrent  method  utilises  a conventional  "two-side"  veneer 
co&ter,  batch  ovens,  and  no  intentional  drying  time  between  passes. 

The  crew  In  each  case  would  be  the  same,  but  leas  time  would  be  required 
for  each  pass  in  the  proposed  method,  since'  the  parts  could  be  fed  in 
an  almost  unbroken  series,  and  the  racking  time  for  drying  would  be 
eliminated.  Amortisation  cost  would  be  significantly  lowered  because 
of  the  efficient  oven  utilisation.  Cleanup  time  woulJ  be  significantly 
reduced,  and  the  consumption  of  thinner  In  replacing  evaporated  solvents 
would  become  negligible.  The  Improved  consistency  of  prime  depth 
would  permit  lighter  primes  to  be  applied  without  sacrificing  bond 
strength.  The  scrap  lots  and/or  rework  costa  resulting  from  the 
removal  of  wet  adhesive  in  the  handling  of  undried  parts  would  be 
eliminated. 
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The  total  saving  in  the  cost  of  priming  core  material  resulting 
from  imp ro Terpen ta  in  Methods,  Including  the  savings  realised  by  more 
efficient  utilisation  of  adhesive  in  the  bond,  would  be  of  the  order  of 
fire  cents  per  square  foot.  This  figure  does  not  include  savings  that 
would  be  indirectly  realised  from  reduced  rejection  rates  and  lowered 
inspection  oosts  as  a result  of  improvements  in  consistency  of  quality. 

11.  Conclusions 

(1.  ) i plain,  unmodified  roller  coater  of  the  type  known  as  a 
"veneer  coater"  can  be  used  to  apply  primes  of  viscous, 
resinous  adhesives  to  flat  honeycomb,  but  the  following 
disadvantages  apply  to  its  use. 

(a)  Ordinary  "doctor- roll"  metering  causes  the  ad- 
hesive to  for*  in  ridges  an  the  rolls,  resulting  in 
deeply  primed  "stripes"  on  the  work. 

(b)  The  roll-metering  system  and  the  usual  lack  of 
enclosure  cause  excessive  solvent  loss,  resulting  in 
dangerous  and  unhealthy  conditions,  changes  in  coating 
characteristics,  and  loss  of  adhesive  o7ar  the  roll  Journals. 

(c)  large,  freshly  coated  parts  cannot  be  handled  easily 
without  removing  adhesive  in  local  areas. 

(d)  The  conventional  "roll-cavity*  reservoir  system 
causes  excessive  churning  and  aeration  of  the  mix,  re- 
sulting in  very  rapid  increases  in  viscosity  from  evap- 
oration of  solvent. 

(2.)  One  type  of  "doctor-blade"  metering  system  presents  overwhelm- 
ing advantages  over  the  roll-metering  system  in  that  the  depth 
of  prime  is  held  very  consistently  and  solvent  loss  is  reduced. 
Most  types  of  veneer-coat-ers  can  be  modified  to  use  this  system. 

(3.)  Grooved  applicator  rolls  offer  no  advantages  over  smoothly 
ground  rubber-covered  rolls. 

(U.)  Applicator-roll  surfaces  should  be  resilient  enough  to  permit 
contact  with  the  work  to  be  established,  without  danger  of  dam- 
age to  either  the  roll  or  the  work,  should  the  parts  be  slightly 
over  thickness.  Overly  resilient  rolls  are  probably  more  sus- 
ceptible to  swelling  by  the  solvents. 

($.)  It  appears  to  be  feasible  and  economical  to  dry  primed  honey- 
comb in  the  same  operation  in  which  it  ia  coated. 

(6.)  In  any  coating  system  used  with  low-boiling  solvents,  all  wet 

rolls  should  be  immersed  in  the  stock  solution  and  a sheet-metal 
enclosure  should  be  used  to  retard  evaporation.  A photograph  of 
an  enclosed  machine  ia  shown  in  Figure  58  at  the  end  of  Part  B 
of  this  section. 
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WEIGHT  AND  DEFHt  OP  *FM-47*  LIQUID  ADHESIVE  APPLIED  TO  ALUMINUM  HONEYCOMB  CORE 
MATERIAL  IN  UNHOODED  POWER  ROLLER  CQATER,  AS  A FUNCTION  OF  DILUTION,  CELL  SIZE, 
DOCTOR  BETTING,  AND  NUMBER  OF  PASSES . 


Note: 

These  results  are  not  repre- 
sentative of  a machine  which 
is  properly  enclosed  to  re- 
strict solvent  evaporation, 
or  of  one  in  which  metering 
is  accompli  shed  with  a blade. 


UPPER  DOCTOR  ROLL 
(not  used) 

STEEL  DOCTOR  ROLL, 
PARTIALLY  IMMERSED 
(same  surface  speed 
as  applicator  roll) 


PAN  RESERVOIR 


RUBBER-COVERED  APPLICATOR  ROIL 


(4 -Inch  dla.  $2  inches  long) 


Wt.  of  Adhesive  in  Lbs./sqJ 

ft.  on 

both  sides  of  honey-i 

Approx. 

Doctor 

ooolb  cut  .623 

* thick  after  l 

Depth  of  Prime 

Setting 

Number 

2. -day  air  dry. 

of 

1/8" 

3/l6" 

1/4 " 

3/8" 

Dilution 

Inches 

Passes* 

Cell 

Cell 

Cell 

Cell 

Inches 

Remarks 

2 

.002 

.002 

.001 

.000 

.CIO  to  .020 

** 

4 

. .. 

... 

.002 

— 

Good 

Diluted 

.030 

6 

— - 

... 

.004 

— 

distribution 

with 

±.010 

10 

— 

— 

.006 

— 

FM-47 

18 

— 

— 

.014 

— 

thinner, 

1:1. 

.050** 

2 

.006 

... 

.006 

... 

.020  to  .033 

Uniform 

±.010 

6 

.014 

— 

.010 

— 

Wide 

.050  to  .065 

Uniform, 

Open 

2 

.034 

.026 

.022 

.012 

( .040  to  .050 
for  l/8  core) 

Bubbles 

Diluted 

1:1,  used 
in  coater 

.04o 

2 

.012 

— — — 

.006 

.025  to  .040 

Uniform, 

for  1 hr. 

Clear 

.030 

1 

.003 

„a  . 

.002 

... 

.010  to  .040 

Blotchy, 

2 

.012 

.010 

.010 

.005 

Streaks , 

4 

.024 

... 

.020 

... 

Cobwebbed . 

6 

.034 

... 

.024 

... 

10 

.062 

.046 

.034 

.032 

UCClIlUvCvI 

.020  to  .040 

.050 

2 

.020 

.016 

.012 

.012 

4 

.036 

... 

.020 

... 

( .015  to  .035 

6 

.046 



.026 

for  l/8  core) 

Blotchy 

10 

.086 

.062 

.060 

.044 

* Direction  of  core  reversed  for  each  pass. 

**  iX'ctor  roll  was  later  found  to  he  warped  .OlO  inches  out  of  concentricity. 
Other  runs  were  made  after  a straight  roll  had  been  substituted. 
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Figure  50 


SKETCH  OF  CORE-PRIMINO  TEST  FIXTURE  WITH  DOCTOR- BLADE 

METERINO  STSTat 


Table  28 


DEPTHS  AND  WEIOHTS  OF  UNDILUTED  "FM-U7"  ADHESIVE  APPLIED  TO  HONEY- 
COMB CORE  MATERIAL  IN  COATINO  FIXTURE  HAVING  DOCTOR-BLADE  METERING 


Doctor 

Setting 

Inches 

ma 

Cell 

lA-inch 

Cell 

Number  of 

Passes 
(each  side) 

Air-Dried 
tJnit  Weight 
(both  sides) 
lb/sq.ft. 

Depth 

of 

Prime 

Inches 

Air-Dried 
Unit  Weight 
(both  sides) 
lb/sq.ft. 

Depth 

of 

Prime 

Inches 

.015 

U 

MM 

mm 

.003 

.012 

6 

MM 

MM 

.005 

n 

.020 

a 

MM 

.008 

.015 

6 

— 

— 

.010 

It 

.030 

1 

MM 

MM 

.005 

.020 

2 

MM 

MM 

.008 

11 

a 

.015 

.020 

.on 

II 

6 

.031 

It 

.017 

II 

8 

MM 

MM 

.021 

11 

12 

— 

— 

.oa3 

11 

• 

o 

vn 

o 

2 

.018 

.025-. 030 

MM 

— 

1 

6 

.070 

It 

MM 

MMM 

AF  33(600)-23626  131 


SECTICN  II,  Continued 


b - Development  or  COATING  methods  for  facings  in  the  sheet  and  COIL  FORMS  t 

The  results  of  the  "survey  of  existing  methods"  did  hot  disclose 
any  practical  experience  on  the  part  of  sandwich  manufacturers  in  the 
roller  coating  of  aluminum  sandwich  facings,  with  metal  adhesives.  8urvey 
results  Indicated  that  the  most  popular  method  of  applying  primes  to  the 
facing  was  by  sprayiDg.  The  only  other  conmonly  used  method  was  brushing. 
The  highest  degree  of  mechanization  observed  in  the  survey  was  where 
cleaned  facing  sheets  were  placed  on  a moving  conveyor  and  passed  through 
a spray  booth.  A sheet  of  continuously  moving  Kraft  paper  covered  the 
conveyor  and  protected  its  mechanism,  as  well  as  the  backs  of  the  sheets, 
from  the  manually  directed  spray.  Although  the  roller  coating  of  indivi- 
dual sheets  had  been  tried  by  various  firms,  no  practical  means  of  keeping 
the  backs  of  the  sheets  free  of  adhesive  had  been  found.  The  investigations 
of  coating  methods  in  this  project,  discussed  in  this  section,  did  not  re- 
veal any  practical  methods  of  coating  one  side  only  of  thin,  individual 
sheets,  but  indicated  that  the  coating  of  continual’ i strips  was  feasible. 


The  first  major  experimental  effort  in  the  roller-coating  of 
facings  in  this  project  was  directed  toward  the  development  of  a success- 
ful coster  for  single  sheets.  Although  there  was  some  doubt  whether 
a practical  method  existed,  it  was  felt  that  most  of  the  data  and  exper- 
ience gained  in  this  effort  could  be  used  in  the  development  of  a coating 
system  for  continuous  webs,  whether  the  single -sheet  coating  development 
was  successful  or  nob. 

It  was  decided  to  use  dilute  "FM-U7"  liquid  In  all  roller-coat- 
ing experiments  on  facings.  This  formulation  was  chosen  because  of  its 
general  use  as  a sup  ported- film  and  liquid  system  in  sandwich  bonding, 
and  because  its  high  viscosity,  low  solids  content,  and  low  solvent  bell- 
ing point  provided  unfavorable  conditions  for  coating  which  are  typical 
of  metal  adhesives  as  a class.  In  order  to  give  reference  data,  several 
facings  were  primed  with  one,  two,  and  three  brush  coats  of  dilute  "FM-U7" 
and  dried.  The  following  is  a tabulation  of  the  unit  weights  and  coating 
thicknesses  observed  in  this  studyi 


Number  of  Brush  Coats 

Average  Ikiit  Weight 
Lbs./Sq.Ft. 

Average  Thickness 
Inches 

1 

0,0013 

0.0002 

2 

0.0038 

0.0007 

3 

0.0079 

0.0012 

During  one  of  the  early  core-priming  runs  in  this  project,  con- 
ducted on  the  power  veneer  coater,  several  0.016- inch-thick  facings  were 
passed  through  experimentally,  A number  of  these  facings  were  "backed" 
with  starch-bound  "FIBERGLASS  surfacing  mat"  to  inersase  their  effective 
thickness  to  approximately  0.025  inoh.  The  backed  sheets  were  coated 
successfully,  but  the  gap  botween  the  wet  and  dry  roxls  could  not  be  set 
to  acconnodate  the  unbacked  sheets  without  the  danger  of  adhesive  trans- 
fer. Backing  the  sheets  was  considered  impractical  for  production  because 
of  a tendency  for  glass  fibers  to  remain  on  the  aluminum  after  the  mat  was 
stripped  off 
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Tho  fundamental  problem  in  ooating  one  aide  only  of  a thin  aheot 
of  metal  liea  In  the  fact  that  the  gap  between  the  wet  "applicator  roll" 
and  the  dry  "backup  roll"  is  s Tall,  allowing  adhesive  to  tranafer  from  Qne 
roll  to  the  other.  It  waa  believed  that  if  the  aingle  backup  roll  could 
be  replaced  by  two  amaller  rolls,  offset  . from  the  centerline,  the  effect- 
ive gap  between  the  wet  and  dry  rolls  oould  be  increased  while  atill 
maintaining  sufficient  backup  pressure  to  keep  the  surface  of  the  sheet 
in  full  contact  with  the  applicator  roll. 

A special  hand-opera ued  test  coater  (see  Figures  5l  and  52,  and 
Drawing  P-1  in  Figure  53,  at  the  end  of  this  discussion)  was  built  to 
evaluate  the  'double  backup  roll"  principle.  As  can  be  seen  in  Drawing 
"P-1",  the  two  small -diameter  rubber-covored  backup  rolls  were  driven  by 
a common  idler  shaft.  The  axis  of  this  shaft  passed  through  bearings, 
which  were  located  in  such  a way  that  a single,  large-diameter  roll 
could  be  substituted  for  use  in  other  coating  experiments,  on  either 
core  or  facings. 

In  the  first  two  experiments  with  this  machine,  all  the  rubber- 
covered  rolls  were  left  smoothly  ground.  The  pan  reservoir  was  charged 
vith,lFM-47?  diluted  with  an  equal  part  of  *FM-47n thinner  to  give  a solids 
content  of  the  order  of  ten  percent.  Undiluted  adhesive  at  20  percent 
solids  was  found  to  be  too  viscous  for  this  type  of  coating. 

In  the  first  run,  the  coater  was  used  alone  without  the  auxi- 
liary conveyors  shown  in  the  drawing  and  photographs.  The  doctor  gap 
was  varied  from  0.005  to  0.010  inches.  Aluminum  sheets,  ten  inches  wide, 
eighteen  inches  long,  and  0.012  to  O.oUo  inches  thick  were  tried  in  the 
machine.  The  average  unit  weight  of  the  coating*  was  found  to  be  approxi- 
mately 0.0006  lbs.  per  square  foot.  Although  the  coatings  appeared 
generally  uniform,  the  degree  of  coverage  could  not  be  satisfactorily 
determined  because  of  the  lack  of  dye  coloration  in  the  adhesive.  It 
was  apparent,  however,  that  about  l/h  inch  cn  the  leading  edge  of  each 
sheet  had  been  left  unprimed,  while  the  back  edge  received  a heavy  deposit 
which  sometimes  extended  around  to  the  top  (uncoated)  side  of  the  sheet. 

As  the  back  edge  of  the  sheet  left  the  machine,  adhesive  from  the  wet 
roll  sometimes  splashed  onto  the  dry  backup  rolls. 

In  the  second  run  the  "infeed"  and  "outfeed"  conveyors  shown 
in  the  photographs  and  Drawing  P-1  (Figure  53)  were  added,  and  the  entire 
machine  was  tipped  at  a three-degree  downward  incline.  These  modifications 
were  intended  to  guide  the  sheet  in  and  out  of  the  machine  and  to  keep  it 
moving  as  it  emerged  from  the  rollers.  A dye  ("OIL  RED  0")  was  added,  to 
the  adhesive  to  aid  in  determining  the  completeness  of  the  coating.  The 
width  of  the  unprimed  area  was  found  to  be  reduced,  and  the  tendency 
for  adheaive  to  get  on  the  backs  of  the  sheets  was  eliminated  by  these 
modif icationa , but  adhts ive  still  tended  to  transfer  from  the  wet  rolls 
to  the  dry  rolls.  It  was  apparent  that  the  coating  was  inconsistent, 
and  that  some  Dare  spots  were  present,  particularly  on  thinner  gage 
materials.  The  knife -edged  discs  on  the  outfeed  conveyor  were  found  to 
have  stripped  the  coating  entirely  away  wherever  they  contacted  the 
sheet.  During  this  run,  the  effective  gap  between  the  applicator  roll 
and  the  backup  rolls  was  varied  in  an  attempt  to  improve  the  complete- 
ness of  coverage,  without  success. 
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Although  the  double -backup-roll  coating  system  appeared  to 
have  doubtful  practicability,  it  was  decided  to  make  at  least  one  more 
test.  It  was  Relieved  that  the  poor  distribution  ol  the  coating  might 
have  been  due  to  insufficient  resilience  in  the  backup  rolls. 

The  tendency  to  wet  the  backup  rolls  as  the  sheets  left  the 
machine  appeared  to  result  from  the  entrapment  oi  an  excess  of  liquid 
between  the  sheet  and  the  roll.  This  condition  could  be  relieved  by 
"grooving"  the  rubber  applicator  roll,  according  to  accepted  practice 
in  the  coating  industry. 

It  appeared  that  a special  "outfeed"  conveying  system  was 
necessary  to  handle  sheets  without  touching  the  bottom  (wet) side.  The 
special  "inverting"  conveyor  system,  shown  in  Drawing  P-2  (Figure  5U) 
was  built  to  fulfill  this  requirement.  Other  modifications  noted  on 
Drawing  P-2  are  a helically-grooved,  rubber  applicator  roll,  and  a 
special  set  of  "O-ring"  covered  backup  rolls.  The  purpose  in  using 
"0- rings"  in  preference  to  a solid  rubber  covering  was  to  provide  a 
highly  elastic  surface  without  the  need  for  using  rubber  of  low 
Durometer. 


Strips  of  cleaned  aluminum,  0.012  to  0.051  inches  thick  and 
from  four  to  six  Inches  wide,  were  experimentally  primed  in  the  test 
model  shown  in  "P-2" . A deep  red  coloring  was  added  to  the  adhesive 
to  facilitate  Inspection.  Several  of  the  strips  received  smooth, 
uniform  coatings  in  these  tests , but  the  results  were  found  to  be 
generally  unpredictable.  Some  strips  shov'ed  bare  streaks  corresponding 
to  the  pattern  of  the  grooves  on  the  applicator  roll.  In  general,  the 
coatings  were  found  to  be  uniform  when  a doctor-gap  setting  of  the  order 
of  0.015  inches  was  used.  It  was  further  discovered,  however,  that  the 
tendency  for  adhesive  to  collect  under  the  sheets  and  eventually  transfer 
itself  to  the  dry  rolls,  still  remained,  and  that  the  condition  appeared 
to  exist  at  doctor  settings  in  excess  of  0.010  Inches.  The  two  conflict- 
ing doctor -setting  requirements  appeared  to  make  the  double -backup -roll 
coating  system  fundamentally  impractical.  In  order  to  confirm  these 
conclusions,  it  was  decided  to  try  the  system  with  a "doctor  blade" 

(the  same  one  used  successfully  in  experiments  on  honeycomb  core)  In 
place  of  the  u.octor  roll.  Although  the  blade  removed  the  tendency  for 
the  adhesive  to  form  "ridges"  on  the  wet  applicator  roll,  there  was  no 
other  apparent  improvement  in  results . 

The  "0  -ring"- covered  backup  rolls  appeared  to  have  been  a 
desirable  and  practical  improvement,  but  they  offered  no  further  utility 
in  the  project,  because  of  the  basic  impracticability  of  the  individual 
sheet  coating  system.  The  inverting  conveyor  system  worked  reasonably 
well  on  the  lighter  gages,  and  probably  could  have  been  made  fully  prac- 
tical by  adding  additional  rollers  at  a closer  spacing  in  the  curved 
portion.  Since  the  roller  coating  of  individual  thin-gr-ge  sheets 
appeared  generally  impractical,  no  further  development  was  carried  out 
on  the  special  conveyor. 

In  the  course  of  the  work  with  helically  grooved  rubber  rolls, 
a tendency  for  the  sheets  to  "track"  to  the  side  was  observed.  Dis- 
cussions with  engineers  familiar  with  strip-tracking  problems  revealed 
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that  driven,  helically  grooved,  rubber  roll*  cause  the  oheet  to  track 
in  the  direction  opposite  to  the  apparent  lateral  motion  of  the  lands 
at  the  line  of  contact,  because  of  a tilting  or  buckling  of  the  lands 
as  they  come  in  contact  vith  the  veb. 


Very  little  information  in  regard  to  individual-sheet  coate ra 
for  thin  gages  was  received  in  response  to  the  survey  of  equipment 
manufacturers . Several  firms  have  experimented  with  various  tech- 
niques in  past  years,  but  no  fully  practical  system  has  been  resolved. 
One  of  the  latest  methods  tried  is  an  "intermittent"  coating  system, 
in  which  the  pressure  rolls  are  held  apart  until  micro  switches  or 
photoelectric  devices  sense  the  approach  of  the  sheet.  An  uncoated 
margin,  approximately  l/U  inch  in  width,  must  be  tolerated  around  the 
entire  edge  of  the  coated  surface  for  the  successful  operation  of  this 
system.  In  general,  it  appears  that  individual  sheets  thicker  than 
( approximately ) 0.020  Inches  can  be  primed  on  one  side  in-  conventional 
veneer-coaters , but  that  no  fully  reliable  system  for  coating  one  side 
of  cut  sheet  material  thinner  than  0.020  inches  exists. 


Further  experiments  were  carried  out  on  the  hand-operated 
coating  fixture  to  develop  methods  for  coating  continuous  webs.  Since 
the  failure  of  the  individual- sheet  machine  was  thought  to  be  due 
primarily  to  a lack  of  positive  backup -pressure,  the  two  small  backup 
rolls  were  replaced  by  one  large -diameter  roll.  Long  individual  strips 
were  used  in  lieu  of  continuous  webs.  The  spring-loaded  rolls  were 
held  open  while  the  web  was  inserted,  and  were  sprung  open  again  as 
the  end  of  the  atrip  lei  ^ the  machine . With  the  spreader  roll  helically 
grooved  to  the  dimens loro  shown  on  Drawing  "P-2",  and  with  a doctor 
setting  of  "zero",  the  coating  appeared  to  be  complete  over  the  surface, 
but  it  was  very  light,  and  the  pattern  of  the  helices  was  in  evidence. 

The  back-up  roll  was  wetted  from  adhesive  transfer  at  the  edges  of  the 
sheet  only.  This  transfer  caused  the  "dry"  side  of  the  sheet  to  be  very 
lightly  stained  with  adhesive  to  a depth  of  approximately  l/l6  inches 
from  its  edges.  It  was  believed  that  a revision  of  the  grooving  con- 
figuration might  relieve  the  problem. 


At  this  stage  in  the  development  of  this  type  of  "grooved- 
roll"  coating  device,  it  was  decided  to  make  a run  under  simulated 
production  conditions  in  a foil-processing  line.  A quantity  of  3S-H1U 
coiled  sheet,  0.010  inch  thick  and  eight  inches  wide,  was  procured  for 
this  purpose . The  two  basic  objectives  of  the  "continuous-web"  run 
were  as  follows: 


Determine  the  feasibility  of  continuously  coating 
the  web  on  one  side  only  in  an  undriven  system 
utilizing  a rubber  applicator  roll,  helically 
ground  to  a "herringbone  " pattern.  The  grooves 
in  this  roll  v ire  of  larger  area  than  those  uaed 
in  previous  experiments.  (The  purpose  in  using 
the  herringbone  configuration  was  to  give  a self- 
centering  effect  which  would  insure  good  tracking.) 
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(2)  Do tannine  tha  feasibility  of  continuously  laminating 
a wab  of  paper-backed  polyethylene  to  the  primed 
surface  of  an  aluminum  web  under  heat  and  pressure  . 

(it  had  been  found  practical  to  laminate  these 
materials  in  a hot  press  , and  It  appeared  to  be  ad- 
vantageous to  perform  this  lamination  on  a contin- 
uously-processed web  to  provide  protection,  as  well 
as  a surface  which  would  lend  Itself  to  Identifica- 
tion stenciling. ) 

A schematic  drawing  of  the  test  setup  is  shown  In  Figure 
55  • Photographs  of  the  coater  and  Interleaver  and  of  the  cleaning 
tanks  are  shown  in  Figures  57»58abd  59  at  the  end  of  this  article.  It 
will  be  noted  In  Figure  55  that  a "slit -rubber  roll"  was  used  In  the 
interleaving  assembly,  and  that  a "narrow -bodied"  roll  was  used  ahead 
of  the  coater.  The  "silt"  roll  Is  a patented  type,  used  to  achieve  a 
self-centering  effect.  It  was  not  evaluated  for  this  purpose,  but  was 
slit  only  to  simulate  the  actual  surface  condition  which  would  be 
found  under  production  conditions.  The  "narrow -bodied"  roll  was  added 
to  relieve  an  anticipated  "tracking"  problem  at  the  coater.  The 
operation  of  these  special  rolls  is  discussed  in  Part  D of  this  section. 

In  the  performance  of  this  run,  the  web  showed  no  tendency  to 
"track"  or  "weave"  when  no  Interleaving  was  being  performed.  It  is  not 
known  whether  tracking  error  might  have  occurred  if  the  "slit"  roll  and/or 
the  "narrow-bodied" roll  had  not  been  used.  As  soon  as  the  paper-backed 
polyethylene  was  Introduced,  and  the  roll  pressure  waa  applied,  the 
centerlines  of  the  two  webs  began  to  diverge  noticeably,  beyond  the 
interleaver.  Although  some  adhesion  between  the  interleaving  material 
and  the  primed  web 'probably  occurred  at  the  pressure  rolls  themselves, 
the  two  webs  were  found  to  have  been  completely  delaminated  after  they 
had  passed  over  the  next  roll  In  the  system.  Part  of  the  difficulty  in 
continuously  laminating  these  two  materials  was  probably  due  to  a differ- 
ence In  their  coefficients  of  thermal  expansion.  Continuously  laminating 
at  this  stage  in  the  process  appeared  to  be  Impractical.  It  Is  possible 
that  the  lamination  of  plain,  unbacked  polyethylene  would  be  practical 
in  such  a process,  if  performed  between  hot  "nip"  rolls  at, or  very  near, 
the  "rewind"  stage. 

The  coating  method  evaluated  here  also  appeared  generally  im- 
practical. It  was  apparent  that  a "squeese-roU''  coater  in  such  a system 
could  not  be  driven  by  the  web  alone,  because  of  the  lubrloating  effect 
of  the  adhesive.  It  was  necessary  to  add  a temporary  hand  crank  to  tha 
applicator  roll  to  supply  enough  additional  torque  to  provent  slipping. 

It  appeared  that  this  coater,  like  the  earlier  " double- backup- roll*  coater, 
had  conflicting  doctor-roll  setting  requirements.  With  the  0.010- inch- 
thick  strip,  the  setting  had  to  be  very  nearly  sero  to  prevent  wetting 
the  backup  roll.  This  setting,  in  turn,  did  not  supply  a sufficient 
amount  of  adhesive  to  the  surface  of  the  applicator  roll  to  uniformly 
cover  the  surface  of  the  strip.  In  order  to  apply  a coating  of  reasonable 
thickness  and  uniformity,  the  doctor  setting  had  to  be  opened  to  a degree 
vhlch  paused  the  backup  roll  and  the  clean  side  of  the  strip  to  be  wetted. 
The  best  results  were  obtained  at  roll  pressures  in  excess  of  100  lbs., 
as  measured  by  the  spring  scale. 
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It  should  be  noted  at  this  point  that  grooved  applicator  rolls 
are  generally  considered  to  be  superior,  as  a coating  medium,  to  smoothly 
ground  rolls,  and  that  two  manufacturers  of  coatlrg  equipment  indicated 
that  the  magnitudes  of  the  groove  dimensions  used  on  the  experimental 
rolls  in  this  project  were  La  the  correct  range.  It  has  appeared  that 
metal  adhesives  such  as  "FM-Vf" present  coating  problems  vhich  are  basically 
different  from  those  encountered  with  more  conventional  materials,  and 
do  not  lend  themselves  to  application  from  grooved  rolls.  A possible 
explanation  for  this  difference  is  that  the  adhesive,  in  a liquid  form, 
has  less  affinity  for  the  aluminum  sheet  than  for  the  sides  of  the 
grooves  in  the  rubber  roll. 

A further  criticism  of  grooved  rubber  rolls,  which  came  forth 
in  this  experiment  ,vaa  the  fact  that  grooved  rolls  appeared  to  be  far 
more  susceptible  to  attack  by  the  solvents  than  smoothly-ground  rolls. 

When  the  "herringbone"  roll  vss  removed  after  the  run , and  rubbed-  down 
with  a solvent-dampened  rag,  some  of  the  groove  lands  were  torn  away. 
Although  smooth  neoprene  rolls  often  show  a significant  swelling  from 
the  action  of  the  solvents  in "FM-^T?  they  are  not  subject  to  such  complete 
deterioration,  probably  because  they  present  less  surface  area  for  the 
absorption  of  solvent. 

The  poor  performance  of  grooved  rubber  applicator  rolls  in 
this  experiment  appeared  to  rule  them  out.  One  further  experiment  was 
conducted  on  a squeeze -roll  coater  having  smooth,  resilient  rubber  rolls. 

As  in  the  first  coating  experiment,  conducted  on  backed  and  unbacked 
sheets,  0.016* inches  thick,  the  powered  "veneer  coater"  was  used.  The 
objective  of  the  later  experiment  was  to  determine  if  it  might  be  prac- 
tical to  squeexe  0.010 ‘inch  webs  under  such  a high  pressure  that  adhesive 
would  cot  be  able  to  flow  over  the  top  edges  of  the  webs,  under  condi- 
tions where  the  backup  roll  was  completely  wetted  with  transferred  ad- 
hesive. The  test  Indicated  that  higher  squeeze  pressures  Increased  the 
tendency  for  adhesive  to  "crawl"  onto  the  dry  side  of  the  sheets.  On 
the  other  hand,  higher  pressures  improved  the  uniformity  of  the  coating. 
Doctor-gap  setting  was  observed  to  have  very  little  effect,  in  this  run. 

It  was  apparent  that  the  quality  of  the  coating  obtained  with  the  use  of 
smoothly  ground  rubber  rolls  was  superior  to  that  obtained  from  grooved 
rolls,  contrary  to  opinions  held  in  the  coating  industry.  The  earlier 
experiment  with  the  •bqueeze-roll"  system  indicated  that  the  lower  limit 
of  metal  thickness  which  could  be  successfully  coated  on  one  aide  was  of 
the  order  of  0.020  inches.  The  limit  would  be  lowered  where  either  roll 
pressure  or  the  resilience  of  the  roll  surfaces  was  increased. 

Concurrent  with  some  of  the  later  investigations  of  grooved 
rolls,  research  was  being  performed  on  a fundame'  tally  different  type 
of  coating  system,  the  " reverse-roll"  method.  In  the  seme  foil-processing 
machine  used  in  the  coating  sod  interleaving  experiment,  a quantity  of 
3S-KL9  foil,  0.006  inches  thick  end  39  inches  wide,  was  coated  over  the 
entire  surfaoe  of  one  side  with  "FM-U7"  in  the  coating  system  showfr  ’ 
schematically  in  Figure  $6,  (It  should  be  observed  that  no  backup 
roll  was  used  here.)  There  was  no  tendency  for  the  adhesive  to  ■ crawl" 
around  the  edges  of  the  web.  The  coating  was  uniform  and  satisfactory  ** 
(superior  to  that  observed  on  the  material  coated  in  the  smoothly  ground 

" squeeze- roll"  system).  After  s long  period  of  operation,  the  ooatihg  - w 
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i bogan  to  show  bare  araaa.  Thia  difficulty  was  traced  to  drying  of  the 

adneslve  on  the  applicator  roll.  The  use  of  an  unsubnerged  roll,  as  shown 
‘ in  Figure  56,  with  v adhesive  having  "low-bciling"  solvents  is  inad- 

visable, All  rolls  should  be  submerged  as  far  as  possible  in  the  reser- 
voir stock  to  prevent  changes  in  coating  conditions  resulting  from  sol- 
vent evaporation.  As  an  additional  precaution,  the  rolls  and  reservoir 
should  be  enclosed  to  retard  the  evaporation  of  solvents.  (It  may  be 
noted  that,  under  the  conditions  of  the  experiment,  it  was  not  possible 
to  submerge  both  rolls  without  losing  the  effect  of  the  doctoring.  With 
the  web  passing  straight  downward,  or  at  any  downward  slope,  it  is  im- 
possible to  submerge  both  rolls  and  still  be  able  to  meter  the  surface 
of  the  applicator  roll  in  a reverse-roll  system.) 

While  the  metering  of  the  adhesive  onto  the  applicator  roll 
is  performed  by  a doctoring  system  in  reverse-roll  coating,  the  meter- 
ing of  the  adhesive  onto  the  strip  from  the  roll  is  a function  of  reverse 
speed,  as  well  as  doctor  setting,  Faster  roll  speeds  give  a heavier 
deposit  on  the  strip  from  a relatively  thin  film  of  adhesive  on  the  roll. 
It  should  be  noted  that  reverse-roll  systems  have  recently  found  favor 
in  the  continuous  painting  of  cleaned  aluminum  strip  for  metal  awnings 
and  other  preooated  assemblies.  The  chief  advantage  of  the  system  Is 
its  ability  to  apply  a uniform,  stripe-free  coating.  The  formation  of 
stripes  or  ridges  on  rolls  from  the  cohesive  action  of  the  liquid  was 
discussed  in  Part  A of  this  section.  Stripes  were  not  observed  on  the 
foil  which  had  been  Experimentally  reverse-roll-coated. 

It  appears  that  the  reverse -roll  coating  method  would  be 
entirely  suitable  for  the  thinner  gages,  but  its  practicability  on 
heavier  gages  (above  0.025  inches)  would  be  doubtful  unless  some 
auxiliary  means  were  available  for  backing  up'  the  web,  to  flatten 
out  heat -treatment  warpages  and  rolling  irregularities . • A positive 
backing  la  not  objectionable  with  the  thicker  gages*  sinde  the  clearance 
between  the  dry  and  wet  rolls  is  sufficient  to  eliminate  the  danger  of, 
vetting  the  dry  roll.  In  continuous  paint  coaters  (see  Figure  68  in 
Part  D,  Section  II ) the  web  Is  usually  positively  backed  and  flattened 
vhere  it  contacts  the  applicator  roll,  by  passing  it  around  a precisely 
ground  drum  while  under  tension.  (These  coaters  are  not  ordinarily  used 
on  webs  thinner  than  0.020  Inches  because  of  a lack  of  demand  for  such 
light  material.)  With  high  reverse-roll  speeds,  it  is  possible  that 
the  thickness  of  adhesive  on  the  applicator  roll  in  such  a system  can 
be  reduced  to  the  point  where  webs  as  thin  as  0.008  Inches  may  be 
coated  without  danger  of  transfer  to  the  backup  drum,  making  it  possible 
to  use  only  one  coating  system  for  all  gages.  The  actual  lower  safe 
limit  of  web  thickness  in  such  a system  would  be  determined  by  the 
precision  of  construction  of  the  particular  machine  in  question,  and 
cannot  be  evaluated  on  a different  machine. 

Since  a reverse-roll  coating  system  must  usually  be  supplied 
without  a backup  roll  or  drum,  it  is  necessary  that  two  coaters  be 
specified  in  a continuous  strip  system  which  is  to  handle  heat-treated 
aluminum  in  the  range  of  thickness  between  0.008  and  0.0U0  inches. 

A "reverse- roll"  co&ter  would  be  ueed  on  gages  up  to  0.020  or  0.025 
inches.  A squeeze-roll  system,  or  an  additional  reverse- roll 
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system  with  a backup  roll, would  be  used  on  thicker  materials  to  obtain 
complete  coverage  on  warped  webs,  without  the  need  for  applying  high 
strip  tensions.  The -probable  need  for  two  coating  systems  has  been 
mentioned  in  "Proposed  Specification  'S-Us"  which  appears  as  Appendix 
IV  of  this  report. 

The  last  experiment  relating  to  the  continuous  coating  of 
webs  performed  in  this  project  was  a determination  of  the  nebd  for  the 
introduction  of  an  "interleaf"  or  "separator  sheet"  to  prevent  finished 
primed  aluminum  coils  from  "tacking"  together  under  storage.  Originally, 
Proposed  Specification  "S-U"  called  for  the  introduction  of  a polyethylene 
web  at  the  rewind  stage  to  nrevent  adjacent  surfaces  from  tacking  together, 
and  to  provide  extra  protection  during  handling  and  exposure.  A cost 
analysis  revealed  that  the  polyethylene  would  add  0.7  cents  to  the  cost 
of  processing  each  square  foot  of  Aluminum,  whereas  the  total  cost  of 
cleaning  and  priming  was  of  the  order  of  It  cents.  Previous  experiments 
had  proved  that  it  was  impractical  to  provide  enough  lamination  to  keep 
the  polyethylene  firmly  attached  to  the  primed  surface  throughout  sub- 
sequent shearing  and  handling  operation,  so  its  value  as  a protective 
covering  was  restricted.  One  remaining  justification  for  an  interleaf 
which  had  not  been  evaluated  was  its  ability  to  prevent  adjacent  loops 
of  primed  aluminum  coils  from  becoming  adhered  together  during  storage. 

It  was  decided  that  the  seriousness  of  this  problem  should  be  invest- 
igated to  determine  if  the  1 ^erleaf  could  be  neglected. 

Since  it  was  not  possible  to  evaluate  theeffects  of  pressure 
(from  dead  weight)  and  temperature  on  actual  coated  coils,  it  was  de- 
cided to  press  individual  primed  sheets  together  in  a laboratory  press 
under  an  unfavorable  eat  of  conditlona.  A number  of  strips  of  alclad 
2US-T3  aluminum,  0.016  inches  thick,  were  cleaned  by  the  control  methods 
and  brush-primed  with  "FM-U7"  to  a dried  weight  of  approximately  0.002 
lbs  per  square  foot.  The  coating  obtained  in  this  manner  was  relatively 
inconsistent  in  thickness,  and  contained  localieed  areas  which  were  so 
thick  as  to  be  difficult  to  dry  o.t.  The  wet  material  was  placed  in  a 
laboratory  oven  at  300°F  for  one  minute  to  give  unfavorable  drying  con- 
ditions. The  strips  were  then  stacked  in  three  groups  of  three  strips 
each,  with  the  primed  side  of  one  strip  bearing  against  tho  unprimed 
side  of  the  next  atrip.  A piece  of  Kraft  paper  was  placed  against  the 
last  exposed  primed  surface  in  each  stack.  These  stacks  were  placed 
iri  a hot-plate  press  with  a generous  amount  of  padding  material  at  a 
pressure  of  200  psi  (assuming  a U8-inch-wi.de  coil,  $000  lbs.  in  weight, 
lying  on  its  side,  and  supported  by  an  area  1/2  inch  wide  and  U8  inches 
long),  for  one  hour,  at  temperatures  of  70°,  115°,  and  150°F. 

At  70°F,  there  was  found  to  be  no  lamination  or  "tack"  between 
the  bare  aluminum  and  the  prime,  or  between  the  paper  and  the  prime.  At 
115>°F,  the  primes  were  observed  to  have  adhered  to  the  clean  aluminum 
over  about  five  per  cent  of  the  surface.  Where  this  adhesion  occurred, 
the  prime  had  been  stripped  away  from  its  original  surface.  The  degree 
of  adhesion  was  very  low  and  the  surfaces  could  be  separated  easily.  The 
paper  adhered  tightly  to  the  prime  in  this  set  of  specimens,  however. 

The  specimens  pressed  at  150°F  were  tightly  adhered  together,  and  about 
2056  of  the  adhesive  was  transferred.  The  paper  was  completely  bonded  to 
the  adjacent  primed  surface. 
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Since  the  experimental  conditions  under  which  adjacent,  primed 
sheets  became  adhered  to  each  other  were  very  unfavorable,  it  was  con- 
cluded that  a polyethylene  interleaf  would  not  be  neoded  if  reasonable 
conditions  of  manufacture  and  5torage  were  observed.  These  conditions 
would  bet 

(1)  Reasonable  consistency  of  coating  thickness, 

(2;  Final  oven  precure  temperatures  not  to  be  below  325°F , 
(3)  Storage  of  the  coated  coils  at  temperatures  below  90°F. 

Kraft  paper  appeared  to  be  entirely  unsuitable  for  use  as  a 
protective  covering  on  primed  surfaces. 


Conclusions t 

Hie  following  are  the  general  conclusions  obtained  from  the 
studies  of  manufacturing  variables  in  the  application  of  adheelve  primes 
to  the  surfaces  of  aluminum  sheet: 

(1.)  There  is  no  known,  practical  method  of  applying  adhesive 
to  one  wide  only  of  individual  sheets  thinner  than  0.020  Inches 
(approximately)  by  power  roller  coating. 

'«.)  All  roller  coating  systems  in  whlah  low -boiling  solvents 
must  be  handled  should  be  enclosed  to  restrict  solvent  evaporation,  and 
all  wet  rolls  should  be  partially  submerged  in  the  coating  solution. 

(3«)  The  use  of  grooved  applicator  rolls  in  the  roller  coating 
of  adhesives  such  as  *FM-47''does  not  give  good  results. 

(4.)  The  most  uniform  and  complete  coatings  can  be  applied  to 
light -gage , continuous  aluminum  v«jba  by  the  use  of  a reverse-roll 
technique . 

(5.)  A reverse-roll  technique  cannot  be  expected  to  work 
satisfactorily  on  heavy-gage  webs  containing  warpages  and  other  discon- 
tinuities unless  the  material  ie  backed  up  by  some  means,  such  as 
wrapping  it  around  a solid  drum.  The  presence  of  a backup  roll  or  drum 
makes  it  difficult  to  coat  one  side  of  a very  thin  web  without  trans- 
ferring adhesive  from  the  wet  roll  to  the  dry  roll. 

(6.)  Satisfactory  coatings  can  be  applied  to  one  side  of 
individual  sheets  or  continuous  webs  thicker  than  0.020  or  0.025 
inches  (approximately)  by  the  use  of  smoothly  ground  resilient 
surfaced  rolls  which  exert  a "nip”  or  "squeeze"  pressure  on  the 
web. 


(7«)  If  reasonable  conditions  of  manufacture  and  storage  are 
observed,  it  is  not  necessary  to  add  polyethylene  or  other  non -adhering 
material  as  a coil  interleaf,  to  prevent  dried  ^FM-UT*  primsd  surfaces  from 
becoming  adhered  to  adjacent  bare  aluminum  surfaces . In  the  event 
both  sides  were  coated,  interleaving  would  become  mandatory. 
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Figure  52.  "Outfeed"  end.  Note  10"  x 18"  feeing  In 
eechlne . Crosshead  slide  (behind  gears)  pivots  around 
crank  axis  for  gap  adjustment.  Hex-head  bolts  in  ends 
of  slides  control  doctor  setting.  Sears  which  drive 
backup  rolls  are  hidden. 
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FIGURE  56 


33-J0.9  .006  thk,  3?w  wide, 
Chemically  Cleaned  and  Dried 


I 


Aluminum  Applicator  Roll,  3"  Die,, 
Driven  at  8 Ft/Hin.  (approx.) 
Opposite  to  Web  Motion 


Ri 


Aluminum  Transfer  Roll,  Immersed 
Ir  Reservoir.  Doctors  Adhesive  at 
Applicator  Roll  In  approx.  .OOU  to 
.006  Gap. 


Reservoir  Containing  "FK-U7" , 
Diluted  with  2.5  to  3 Parts  Thinner 


Continuous  Oven  at  250°  to  270°F. 


Figure  56t  Schematic  of  reverse-roll  coating  system,  used  to  apply  a dilute 
"FM-U7"  prime  coat  to  one  side  of  39  inch  continuous  Strip  of  3S-H19  foil, 
0.006  Inch  thick.  Although  coating  was  smooth,  uniform,  and  did  not  extend 
around  the  edges  of  the  strip,  the  applicator  roll  tended  to  dry  up  under 
continuous  use.  This  condition  could  have  been  minimised  by  enclosing  the 
roll  assemblies  In  a hood,  and  could  have  been  eliminated  by  immersing  the 
applicator  roll  In  the  reservoir.  (The  latter  modification  oould  not  hwvn 
been  carried  out  with  the  strip  passing  downward,  as  shown  bars.) 
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Figure  53  : Experimental  device  for  laminating  paper-backed 
polyethylene  interleaf  to  hot,  primed,  aluminum  strip,  as  set 
up  in  production  foil -processing  line.  Web  emerges  from  oven 
at  lower  right.  (Note  delamination  near  upper  roll) 
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Figure  57:  Grooved -roll  coater,  as  set  up  in  continuous 
priming  and  interleaving  experiment  conducted  in  production 
foil  processing  line.  Web  enters  oven  at  left.  Roll  at 
right  is  "narrow -bodied" . 
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Figure  59:  Strip  aluminum  (3S-H-14,  8"  wide,  0.010  " thick) 
passing  through  production  foil  cleaning  and  rinsing  stages  at 
contractor’s  plant  during  priming  and  interleaving  experiment. 


Figure  60  ; Enclosed  roller  coater  with  variable  speed  drive 
and  glue  circulating  pump.  (Photo  co:irtesy  Black  Brothers  Co.) 
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SECTION  II,  Continued 


C - STUDIES  OF  CORROSION -RESISTANT  MATERIALS  FOR  CLEANING  TANKS  AND  RACKS* 

According  to  survey  Information  gathered  early  in  the  project, 
the  use  of  the  hct  sulfuric  aeid-sodium  dichromate  solution  in  the  prepar- 
ation of  facings  for  adhesion  has  resulted  in  a number  of  tank  failures. 
Although  dichromate  is  known  to  be  a corrosion  inhibitor,  the  contractor 
has  no  knowledge  of  a tank  made  of  ferrous  materials  which  has  withstood 
continuous  service.  Tanks  lined  with  plastic  materials  have  shown  similar 
histories  of  failure,  probably  b .cause  of  the  high  teirr srature  in  combin- 
ation with  the  oxidizing  power  of  the  dichromate.  Lead-lined  tanks  have 
given  reasonably  good  service  as  far  as  is  known,  and  no  failures  of  tanks 
made  with  ceramic  materials  have  bee  . reported. 

Early  in  the  project,  the  contractor  evaluated  a number  of  wntals 
in  an  accelerated  corrosion  test.  The  results  are  shown  in  Table  29  and  in 
Figures  61  through  65,  at  the  end  of  this  discussion.  Tests  were  conducted 
in  150-cc  beakers  in  a controlled- temperature  bath  set  at  196  ± 2°F.  The 
test  solutions  — one  part  sodium  dichromate,  ten  parts  sulfuric  acid,  and 
thirty  parts  water;  and  25%  sulfuric  acid  alone  — were  replenished  dAily. 

The  specimens  were  coupons,  1-1/2  inches  wide,  3 inches  long,  and  approx- 
imately 1/16  inch  thick.  Welds  were  made  down  the  centerlines  of  some  of 
the  coupons  with  recommended  rod  materials.  The  total  time  of  the  test  was 
752  hours,  but  some  of  the  materials  were  withdrawn  sooner,  after  pronounced 
attack  was  in  evidence. 

All  of  the  stainless  steels  showed  significant  deteriorations 
in  the  dichromate  solution.  The  deterioration  of  the  stainless  in  the  sul- 
furic acid  alone  was  very  severe,  except  in  the  case  of  "CARPENTERS  STAINLESS 
NO  20  Cb".  Apparently  sodium  dichromate  accelerates  corrosion  rather  than  in- 
hibiting it,  in  the  case  of  "NO.  20"  and  "MONEL".  (There  is  a case  on  record 
of  a "MONEL"  tank  built  to  contain  the  acid-dichromate  cleaning  solution, 
which  failed  within  2U  hours  after  being  filled.) 

Lead  showed  little  attack  in  the  plain  acid,  but  built  up  a thick 
powdery  scale  in  the  cleaning  solution.  This  scale  was  found  to  be  loosely 
attached  to  the  metal  and  the  coupon  was  considered  to  have  failed.  (Note* 
the  presence  of  lead  is  known  to  cause  "smutting"  on  the  surfaces  of  aluminum 
parts  treated  in  room- temperature  spot-welding  etches.  It  is  not  known 
whether  it  does  this  in  the  solution  in  question.)  The  lining  of  tanks  with 
lead  is  understood  to  be  becoming  obsolete,  partly  because  of  its  tendency 
to  creep  and  sag  away  from  the  structural  tank  walls. 

The  temperature  chosen  for  these  tests  was  unfavorable  in  that 
it  was  in  excess  of  the  recommended  operating  emperatures;  however, it  was 
far  below  the  temperatures  encountered  where  gas-firing  might  be  used  as  a 
heating  method.  In  general  it  appeared  that  none  of  the  metals  was  suitable. 

As  a check  on  the  above  results,  the  history  of  the  small  tank 
used  in  the  project  for  the  cleaning  of  facings  can  be  cited.  This  tank  was 
built  from  "CARPENTERS  STAINLESS  NO  2o  Cb"  sheet, before  the  coupon  tests  were 
performed.  The  material  was  known  to  be  very  costly,  but  was  selected  on  the 
basis  of  its  outstanding  service  with  sulfuric  acid.  The  tank  was  made  to 
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hold  ten  gallons  of  sulfuric  acid-sodium  dichromate  solution  and  was  six 
inches  wide,  2U  inches  long,  and  18  inches  deep.  The  walls  were  made  from 
Lb-gage  sheet,  welded  (with 'CARPENTERS  NO.  20"  welding  rod)  at  the  ends  only. 
The  sides  and  bottom  were  formed  from  the  same  pieoe.  A lip  was  bent  at  the 
top  and  an  angle- iron  frame  was  tack-welded  around  the  girth  to  prerent 
buckling.  Four  5>00~watt  electrical  strip  heaters  supported  the  tank  at  the 
bottom.  A thermostat  well  and  a submerged  air  agitator  were  made  from 
"CARPENTERS  STAINLESS  NO  20"  pipe.  The  tank  was  in  service  from  three  to 
five  days  out  of  the  week  at  lliCTor  160°F,  for  approximately  15>  months. 
Although  considerable  difficulty  was  encountered  with  electrical  shorts 
in  the  heaters  from  acid  dragout,  the  bottom  welds  (at  the  ends  only;  not 
directly  over  the  heaters)  remained  sound.  At  the  end  of  a year,  however, 
leaks  developed  at  the  tack  welds,  which  held  the  angle-iron  restraining 
frame  in  place.  These  leaks  were  plugged  successfully  with  "CARPENTERS 
NO.  20"  welding  rod.  Periodic  analyses  of  the  test  solutions  indicated 
that  significant  quantities  of  ferric  ion  were  entering  the  solution,  pre- 
sumably from  the  tank  walls.  Although  this  tank  gave  reasonable  service, 
over  the  life  of  the  project,  its  resistance  to  leakage  was  considered  poor 
and  the  material  is  not  recommended. 


p*  ' 


The  field  of  plastic  linings  was  also  explored.  Literature  on 
plasticised  and  unplasticised  polyvinyl  chloride  was  procured  from  a number 
of  firms  who  manufactured  or  distributed  it  under  various  trade  names.  In 
general,  the  literature  indicated  that  "PVCs"  are  highly  resistant  to  acids 
and  acid  fumes  at  temperatures  under  lJU0o  - l5C°F.  Chromic  acid  and  other 
oxidizers  are  usually  quoted  as  an  exception,  with  lower  recommended  temper- 
ature limits.  It  is  claimed,  probably  with  Justification,  that  ;?  >me  types 
of  polyvinyl  chlorides  are  superior  to  others  in  temperature  resistance.  The 
temperature  limitations  on  polyvinyl  chlorides  in  the  presence  of  oxidizers 
appeared  to  rule  them  out  as  a tank -lining  material  for  the  solution  in  ques- 
tion, but  the  contractor  performed  one  exploratory  experiment.  Coupons  of 
plasticized  and  unplasticieed  polyvinyl  chlorides  and  of  sheet  "TEFLON"  were 
placed  in  beakers  of  cleaning  solution,  in  the  same  manner  as  were  the  metal 
coupons,  except  that  the  temperature  was  set  at  15>0°F.  Both  "PVC"  samples 
tended  to  stain  the  solutions  and  their  surfaces  became  tacky  after  several 
days'  immersion.  Trj  "rigid"  material  displayed  some  swelling  from  contact 
with  the  solution.  Since  the  samples  were  procured  from  two  different  man- 
ufacturers, it  is  not  considered  that  a fair  evaluation  of  "rigid"  vs. 
"plasticized"  materials  was  made.  The  "TEFLON"  sample  appeared  to  have  been 
unaffected  by  the  solution. 

The  evaluation  confirmed  the  belief  that  polyvinyl  chlorides 
would  be  unsuitable  for  direct  contact  with  the  acid  cleaning  solution.  There 
was  no  indication,  however,  that  they  would  be  unsuitable  in  evacuation  hoods 
over  the  tanks,  where  temperatures  are  lower,  or  as  sealing  liners  in  in- 
ternally heated  ceramic  tanks,  where  the  brickwork  provides  insulation  be- 
tween the  lining  and  the  hot  solution. 

The  use  of  "TEFLON"  as  a lining  material  was  not  considered 
because  of  its  expense  and  the  lack  of  experience  in  its  application.  It 
appears  to  be  ideal  for  use  as  a " trim"  material  or  as  a bearing  material 
for  roll  journals. 
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Of  tho  tank  materials  under  consideration,  ceramics  were  the  only 
Class  of  material  which  had  not  been  evaluated.  It  was  decided  that  survey 
information  would  be  of  more  significance  than  laboratory  work  in  evaluating 
these  materials.  An  additional  survey  of  existing  installations  indicated 
that  no  failures  had  been  experienced  in  a number  of  ceramic  tanks  being  used 
with  the  sodium  dichromate-aulfuric  acid  solution.  Discussions  with  a number 
of  manufacturers  and  studies  of  sales  literature  indicated  that  acid-resistant 
bricks  or' tiles  were  entiraly  resistant  to  acids  and  oxidizers.  There  was 
some  uncertainty  as  to  the  resistance  to  oxidation  of  one  of  the  types  of 
materials  used  to  bind  the  bricks  together,  however.  Although  the  majority 
of  fillers  and  mortars  are  known  to  be  entirely  satisfactory,  it  could  not 
be  finally  determined  whether  some  of  these  materials  might  be  susceptible 
to  oxidation  attack,  and  it  is  recommended  that  prospective  buyers  obtain 
firm  guarantees  from  the  fabricators.  There  was  some  disagreement  among 
ceramic  tank  fabricators  as  to  the  best  means  of  compensating  for  expansion 
in  long  tanks,  optimum  material  for  an  outer  lining,  etc.,  but  these  variables 
were  believed  to  represent  differences  in  opinion  in  a competitive  field,  and 
were  not  explored  by  the  contractor. 


It  was  concluded  that  a ceramic  construction  would  be  optimum 
for  a tank  containing  the  solution  in  question.  Of  the  other  types  of  con- 
struction considered,  only  lead-lined  steel  vessels  appeared  to  have  adequate 
resistance  to  attack,  and  these  were  undesirable  on  the  basis  of  the  likeli- 
hood that  they  would  introduce  undesirable  contaminants  in  the  solution. 


Both  ceramic  and  lead -lined  tanks  require  immersion  heating  of 
the  solution.  Where  the  heating  must  be  done  by  electricity,  "PIREX"  or 
similarly  protected  immersion  heaters  are  necessary.  Heaters  of  this  type 
were  observed  in  one  relatively  small  ceramic  tank  holding  the  solution  in 
question,  and  their  performance  was  claimed  to  be  satis factory.  Steam 
appears  to  be  a much  cheaper  medium, however,  and  its  use  is  recommended. 

The  contractor  has  tried  to  determine,  from  questioning  those  experienced 
in  the  field,  whether  there  would  be  any  objection  to  the  direct  introduction 
of  steam  through  nozzles,  in  preference  to  indirect  heating  in  exchangers, 
and  has  found  none.  There  is  some  question  as  to  whether  pressed  carbon 
or  ferrous  nozzles  would  be  preferable.  Moat  carbon  nozzles  contain  bind- 
ing materials  which  are  susceptible  to  oxidation  by  the  dichromate.  Ferrous 
nozzles,  on  the  other  hand,  would  tend  to  introduce  iron  (a  contaminant  which 
is  suspected  of  being  harmful)  into  the  solution.  No  conclusion  could  be 
made  as  to  which  of  the  two  would  be  more  suitable. 


It  became  obvious,  early  in  the  project,  that  some  investigation 
of  various  materials  should  be  mode  for  tho  racks  used  to  transport  the 
aluminum  sheets  through  tho  solutions.  The  first  lacks  used  in  this  project 
in  conjunction  with  the  ten-gallon  alkaline  and  acid  cleaning  tanks  were  of 
welded  black  iron,  coated  with  cured  layers  of  phenolic  and  epoxy  adhesives. 
The  early  breakdown  of  the  resins  and  attack  of  the  metal  indicated  that 
these  racko  were  inadequate.  An  experimental  rack  of  "rigid’*  oolyvinyl 
chloride,  cut  and  hot- formed  from  thick  plate,  was  procured  from  a local 
tank  manufacturer.  This  material  softened  excessively  in  the  hot  (l80°F) 
alkaline  solution,  and  stained  the  sheet  surfaces  by  its  proximity  in  the 
(lUO°F)  acid  solution.  It  was  not  determined  whether  tills  brown  stain 
affected  adhesion. 
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The  last  and  most  sucassful  rack  tasted  was  made  from  23  aluminum 
round  wire  and  bar,  "HELIARC"  welded.  The  high  purity  of  this  metal  gave  it 
a reasonable  degree  of  resistance  to  acid  attack.  This  rack  was  used  through- 
out the  major  part  of  Ahe  project  without  evidence  of  failure,  other  than  a 
blackening  of  the,  welds  and  the  formation  of  a hard  white  crust  on  the  sur- 
face. A weight  check,  performed  after  65  oycles  at  tank  temperatures  of  3lt0° 
and  160°F,  revealed  that  the  rack  had  lost  only  of  its  total  weight  of 

1.12  pounds.  The  wet  surface  area  was  approximately  175  square  inches,  and 
represented  about  90%  of  the  total  area  of  the  rack.  This  rack  material  is 
considered  to  have  two  bAsic  advantages  over  other  materials,  in  that  it 
does  not  introduce  harmful  contaminants,  and  does  not  set  up  electromotive 
potentials  at  the  sheets.  The  hard,  abrasive  surface  produced  by  long  use 
would  undoubtedly  be  objectionable  where  large  parts  must  be  processed 
without  scratching.  It  is  recommended  that  large  racks  be  made  with 
"TEFLON"  trim  parts,  utilised  as  bumpers  and  rollers.  Small  discs  or 
bushings  of  this  material  should  be  placed  in  critical  locations  in  the 
structure  before  it  is  welded  together. 

Corrosion -resistant  materials  are  not  usually  required  for 
containing  alkaline  cleaning  solutions.  Black  iron  tanks,  indirectly 
fired  with  gas,  are  generally  satisfactory.  The  electrically  heated,  black- 
iron  alkaline  tank  used  in  this  project  became  heavily  rusted  above  the 
level  of  the  solution,  apparently  from  condensation.  The  submerged  por- 
tion remained  completely  unaffected,  however. 

This  concludes  the  discussion  of  investigations  of  various 
corrosion-resistant  materials  conducted  in  this  project.  A summary  dis- 
cussion of  recommended  materials  for  immersion  in  the  sulfuric  acid-sodium 
dichromate  solution  is  also  contained  in  "Specification  S-U"  ( continuous - 
coll  processing  line)  which  is  included  in  Appendix  IV  of  this  report. 
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TABLE  29 

RESULTS  OF  ELEVATED -TEMPERATTTRE  CORROSION  TESTS 


— i \m  am 


Solution  . 1 Material 


Time 

Immersed 

Hours 

Remarks 

Itl0t30, 

"CARPENTERS 

Same 

11.2 

6-9 

752 

Porosity,  8c 

Sodium 

STAINLESS 

undercutting 

T ichromate , 
Sulfuric 

NO.  20  Cb"  * 

in  weld 

Acid,  Water 

T-31G* 

Same 

25-5 

19.8 

752 

No  apparent 
local  attack 
at  weld 

T-3<* 

T-306 

28.7 

19.6 

752 

Cracks  above 

(as  rolled) 

solution,  pierc- 
ing specimen 

T-V30* 

R 2520 

12.6 

6.0 

330 

Local  pitting 
above  solution, 
piercing  specimen 

"MONEL" 

Same 

3.6 

2.0 

2 

Effervesced 

Black  Iron 

Same 

26.6 

20.2 

2 

Effervesced 

Lead* 

None 

1.67 

752 

Thick,  powdery. 

( Scale 
Removed ) 

yellow  scale 

25* 

"CARPENTERS 

Same 

0.27 

o.l 

752 

Apparently 

Sulfuric 

STAINLESS 

unaffected 

Acid 

NO.  20  Cb"* 

T-316 

Same 

3-5 

2.2 

2 

Effervesced 

T-30* 

(as  rolled) 

T-308 

12.0 

4.9 

2 

Effervesced 

T-^30 

R 2520 

46.3 

34.6 

2 

Effervesced 

■M'iMEL" 

Same 

20.0 

7.6 

213 

Unsubmerged 

portion 

attacked 

Lead 

None 

0.018 

... 

752 

Thin,  gray 
flaky  scale 

* See  photographs  (Figs . 6l  ••  6$ ) 
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CORROSION  TEST  SAMPLES 


Figure  61*  "CARPENTERS  STAINLESS 
NO.  20  Cb*  In  255  Sulfuric  Acid. 
(No  evidence  of  local  attack.) 


Figure  62*  "CARPENTERS  STAINLESS 
NO.  20  Cb"  in  Sulfurlo-Dlohroaete 
cleaner.  Note  weld  porosity,  under- 
cutting at  lower  right  end  of  weld, 
and  attack  at  edge  of  heat-rf footed 
area. 


Figure  63t  Stainless  316  in  oleaner. 
(No  local  attack  in  evidence.) 


Figure  6Ut  Stainless  1*30  welded  with 
2520,  in  cleaner.  Pitted  area  near 
weld  at  left  pierces  specimen. 


Figure  65 i Lead  in  cleaner.  Note 
heavy  scale  deposit. 
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SECTION  II,  Continued 


D - CONTINUOUS  CLEANING  AND  PRIMING  OF  FACINGS 
Investigation  of  Feasibility 


The  survey  of  existing  methods,  conducted  at  the  start  of 
the  project,  did  not  reveal  any  instances  where  highly  advanced  produc- 
tion technique*  had  been  applied  to  the  preparation  of  aluminum  facing 
sheets  for  sandwich  bonding.  All  facing  materials  were  purchased  in  the 
form  of  flat,  cut  sheets,  and  were  processed  by  batch  methods.  An  exception 
to  this  general  rule  was  observed  at  one  plant,  where  the  cleaned  facings 
were  passed  through  a spray  booth  on  a continuously  moving  paper- covered 
conveyor,  and  then  carried  through  a continuous  drying  oven. . The  clean- 
ing in  this  case  was  performed  by  conventional  batch  methods. 

Since  sandwich  processing  was  divided  over  a relatively 
large  number  of  firms,  the  square  footage  requirements  of  most  of  the 
firms  were  not  usually  so  large  as  to  tax  the  capacities  of  the  batch - 
processing  facilities  In  producing  finished  facings.  Tho  operations 
involved  in  cleaning,  aoid  treating,  and  priming  the  facings  were 
usually  considered  to  be  as  critical  as  other  processes  involved  in 
the  manufacture  of  the  finished  sandwich.  The  large  number  of  oper- 
ator-controlled variables  usually  made  it  necessary  to  maintain  close 
quality  control  on  the  parts.  One  of  the  principal  drawbacks  to  batch 
processing  appeared  to  be  the  necessity  for  careful  handling  to  avoid 
contamination  of  the  cleaned  surfaces.  Most  manufacturers  primed  the 
parte  within  a few  hours  after  cleaning,  a requirement  which  called 
for  close  integration  between  the  cleaning  and  priming  departments . 

High  humidity  conditions  were  reported  to  have  an  adverse  effect  on 
the  primed  surfaces,  particularly  where  the  parts  were  sprayed. 

It  was  obvious  that  many  of  the  problems  associated  with 
the  oleaning  and  priming  of  facing  material  could  be  minimised  or  elim- 
inated by  the  application  of  automatic  processing  techniques.  Continuous, 
mechanised  processing  of  facings  in  the  form  of  cut  sheets  was  first 
considered.  It  was  known  that  individual  steel  sheets  had  been  pro- 
cessed in  fully  mechanised  systems,  in  preparing  for  drawing  and  stamping 
operations  in  the  automotive  and  appliance  industries.  The  processing 
here  consisted  of  cleaning  and  priming,  but  "cleaning"  in  this  oase 
represented  only  an  alkaline  or  vapor  iegreasing  operation,  and  "priming" 
was  usually  merely  an  application  of  a soap-like  drawing  compound  to 
both  sides  of  the  sheets.  The  sheets  traveled  through  these  lines 
horison tally,  on  conveyor... 
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II  - D,  Continued 


The  automatic  processing  of  individual  sheets  horizon tally  did 
not  appear  to  be  practical  in  the  oase  of  r \rcraft  aluminum  alloys  for  the 
following  reasons t 

(1)  It  would  be  difficult  to  maintain  scratch-free  surfaces, 
and  to  prevent  damage  to  thin-gage  sheets. 

(2)  It  would  be  difficult  to  design  mechanised  equipment 
with  sufficient  corrosion  resistance  to  transport  the 
sheets  through  a dip  or  spray  of  the  hot  acid  solution 
which  is  required  in  preparing  aluminum  sheets  for 
adhesion. 

(3)  There  is  no  known  practical  means  of  applying  adhesive 
primes  automatically  to  one  surface  only  of  individual 
thin-gage  sheets. 

Designers  and  suppliers  of  continuous  processing  equipment 
were  generally  negative  in  their  comments  on  the  feasibility  of  process- 
ing thin-gage  aluminum  sheets  horizontally. 

It  appeared  to  be  generally  feasible  to  apply  mechanisation 
to  individual  stages  of  the  conventional  rack-type  proceeses  to  bring 
about  highar  production  oapaoities  and  lowered  coeta.  These  modifications 
would  take  the  following  form* 

(1)  Replacement  of  existing  monorail  hoist  systems 
with  continuous  or  circular  monorails  from  which 
two  or  more  racks  of  parte  could  be  kept  in  the 
cleaning  process  at  the  same  time.  The  movement 
of  these  racks  would  be  controlled  in  the  eame 
manner  as  at  present;  Automatic  time-cycle  hoist 
oontrola  would  have  doubtful  feasibility  because 
of  the  wide  range  of  process  times  in  the  various 
stages  of  the  cleaning  cycle. 

(2)  Use  of  a continuously  moving  conveying  system  for 
transporting  the  parts  through  a spray  booth  and 
tunnel-oven . 

A proposed  layout  of  a semiautomatic  batch  system  is  shown  schematically 
in  Drawing  PL-2  in  Appendix  III  of  this  report.  Estimated  cost  data  for  a 
line  of  this  type  are  shown  at  the  end  of  this  discussion. 

This  degree  of  mechanization  would  bring  about  a substantial  in- 
crease in  production  capacity,  and  would  undoubtedly  tend  to  lower  unit 
costs.  lhis  type  of  process  line  would  not  entirely  relieve  the  existing 
production  problems,  however.  Handling  of  the  parts  would  still  be  required 
at  the  end  of  the  cleaning  cycle.  As  many  as  ten  workmen  might  be  required 
to  perform  all  of  the  loading,  unloading,  hoisting,  and  spraying  operations 
in  a line  running  at  full  capacity.  (Eight  workmen  have  been  assvned  in 
the  cost  estimate.)  There  would  still  be  seme  dependence  on  the  Jud^poent 
and  skill  of  the  workmen  in  producing  consistently  satisfactory  parts. 
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II  - D,  Continued 


It  became  evident  early  in  the  project  that  the  moet  econom- 
ical and  reliable  means  of  processing  facing  materials  would  be  in  a 
continuous  "coll"  or  "atrip”  line.  Although  the  contractor  was  familiar 
with  the  processing  of 'Toil"  gages  (under  0.008  inches  in  thickness) , 
there  was  very  little  available  information  on  the  continuous  process- 
ing of  coils  in  the  "sheet"  gages.  Although  aircraft  firms  occasion- 
ally heat-treated  alloys  in  the  coil  form  the  material  was  not  subse- 
quently processed  in  this  form.  It  appeared  that  the  following  factors 
relating  to  the  feasibility  of  processing  in  the  coil  form  required 
investigation  t 

(1)  Availability  and  cost  of  coiled,  heat- 
treated  aluminum  alloys. 

(2) -  Degree  of  advancement  of  coil-processing  technology. 

(3)  Availability  of  suitable  equipment. 

(U)  Strip  thickness  limitations. 

(5)  Feasibility  of  incorporating  highly  corrosive  chemical 
treatments  in  the  process. 

(6)  Feasibility  of  continuously  applying  adhesive  primes. 

(7)  Operational  and  equipment  costs  of  coil  lines. 

An  extensive  survey  was  begun  in  an  effort  to  make  contacts 
with  firms  or  Individuals  who  were  experienced  in  the  design  and 
operation  of  the  type  of  equipment  in  question.  It  was  anticipated 
at  this  time  that  those  who  were  familiar  with  continuous  processing 
techniques  would  probably  not  have  a working  knowledge  of  the  partic- 
ular materials  and  processes  involved  in  preparing  aluminum  for  adhesive 
bonding.  Evaluations  of  a number  of  process  variables  were  initiated 
in  order  to  be  able  to  fully  define  the  requirements  of  a continuous 
strip  process.  These  evaluations  included  studies  of  the  effects  of 
temperature,  concentration,  and  solution  age  on  optimum  acid  treat- 
ment time  (Section  I,  Part  F),  evaluation  of  methods  for  applying  ad- 
hesive primes  to  metal  sheets  (Section  II,  Part  B),  and  studies  of 
corrosion -res is tan t materials  (Section  II,  Part  C). 

The  preliminary  survey  of  equipment  manufacturers  revealed 
that  the  manufacturers  of  the  following  four  general  classifications 
of  equipment  might  be  qualified  to  supply  all,  or  a portion  of,  a 
continuous -coil  processing  line  which  would  prepare  aluminum  for 
adhesive  bondirg. 

1.  Rolling,  pickling,  slitting  and  heat-treating 
equipment. 

2.  Foil-converting  equipment. 
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3.  Textile  equipment  for  continuous  handling  of  cloth. 

U.  Precoating  equipment  for  applying  enamel  to  coiled 
sheet , for  use  in  awnings,  Venetian  blinds,  etc. 

The  manufacturers  in  the  first  group  indicated  a general  interest  and  were 
able  to  make  constructive  suggestions  on  the  proper  configuration  for  the 
line.  The  equipment  they  proposed  to  supply  was  of  a generally  rugged  con- 
struction, and  represented  an  adaptation  of  equipment  used  in  high-speed, 
high-tension  equipment  found  in  steel  mills. 

The  manufacturers  of  both  foil-converting  and  textile-processing 
equipment  indicated  that  they  would  be  interested  in  undertaking  the  con- 
struction of  such  a line,  but  that  special  laboratory  and  development  ef- 
forts would  be  required  to  prepare  a practical  design. 

The  manufacturers  of  equipment  for  precoating  coils 
supply  a relatively  new  type  of  industry  which  is  undergoing  rapid 
growth.  The  mate’-^la  processed  here  are  usually  non-heat-treated 
coiled  aluminum  in  a 1/2 -hard  or  3/U-hard  condition  and  in  thicknesses 
ranging  from  0.020  inches  to  0.060  inches.  These  materials  are  passed 
at  speeds  of  the  order  of  50  feet  per  minute  through  sprays  of  alkaline 
cleaner,  acid  solutions,  and  rinse  water,  and  are  continuously  coated 
with  enamels  in  various  colors.  The  coatings  are  baked  in  the  same 
continuous  operation,  in  long  "tunnel  ovens",  after  whioh  the  webs 
are  rewound  and  stored  until  slitting,  shearing,  forming,  and  as- 
sembling operations  are  performed.  From  two  to  three  operators  are 
required.  The  operation  of  these  lines  is  usually  sustained  without 
stopping  for  periods  ranging  from  five  days  to  two  weekB.  As  one 
coil  is  completed,  a new  coil  is  spliced  in  place  by  means  of  a wire- 
stitching  machine.  The  width  capacities  of  the  earlier  precoating 
lines  was  very  limited,  but  some  lines  presently  under  construction 
are  designed  to  handle  20 -inch  and  36-inch  material,  and  it  is  antici- 
pated that  U8-lnch  lines  will  be  built  in  the  near  future.  The  tensions, 
roll  diameters,  power  requirements  and  over-all  coat  of  these  lines  are 
relatively  low  when  compared  with  steel  strip  lines  because  of  the  light- 
ness and  flexibility  (low  modulus)  of  the  material,  and  the  lack  of 
slitting,  forming  and  rolling  operations  in  the  process.  It  is  esti- 
mated that  from  12  to  15  of  these  lines  are  in  operation,  the  major- 
ity of  which  process  material  under  12  inches  in  width. 

It  is  significant  to  note  that  the  type  of  chemical- treating, 
coating,  and  curing  operations  performed  in  these  lines  are  analogous 
to  those  performed  on  aluminum  sheet  prior  to  adhesive  bonding,  and 
that  they  are  performed  in  the  same  consecutive  order.  It  was  decided 
that  this  type  of  equipmont  should  receive  the  most  thorough  coverage 
in  continued  survey  and  contact  work  in  connection  with  adhesive  bonding. 
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At  this  point,  a preliminary  schematic  drawing,  showing  a 
basic  proposed  layout  of  the  components,  was  sent  to  the  manufacturers 
of  all  the  types  of  equipment  covered  in  the  survey.  The  project 
engineer  then  visited  seven  Eastern  and  Midwestern  firms  who  appeared 
to  be  able  to  contribute  information.  Significant  amounts  of  infor- 
mation were  exchanged  by  telephone  with  nine  other  firms,  during  the 
trip.  Correspondence  was  exchan^d  with  approximately  50  additional 
firms,  in  the  course  of  contact  and  survey  work  relating  to  the  develop- 
ment of  a coil  line,  and  a number  of  additional  local  contacts  were  made 
by  personal  visit  or  telephone. 

The  majority  of  the  firms  visited  were  equipment  manufacturers* 
TTie  sales  offices  and  laboratories  of  the  Aluminum  Company  of  America 
were  visited  in  Pittsburgh,  Pa.  The  continuous-strip  pickling  and  an- 
nealing facilities  were  observed  in  operation  at  U.  S.  Steel's  "3heet 
and  Tin"  plant  in  Gary,  Indiana.  A typical  prec.oating  line  for  apply- 
ing enamel  to  continuous  webs  of  aluminum  was  observed  at  the  firm  of 
Roll  Coater,  Inc.,  in  Pendleton,  Indiana.  Several  of  the  photographs 
at  the  end  of  this  discussion  show  the  Roll  Coater  line  in  operation. 

The  builders  of  this  line,  the  Gasway  Corporation,  were  visited  in 
Chicago. 

The  information  collected  in  this  trip,  and  in  response  to  the 
distribution  of  the  preliminary  drawing,  indicated  that  it  was  entirely 
feasible  to  construct  a continuous-coil  line  for  cleaning  and  priming 
wide  heat-treated  aluminum  strip  in  the  coil  form,  for  use  as  facings 
in  sandwich  assemblies.  The  manufacturers  were  interested  in  learning 
more  about  the  details  of  the  process  and  indicated  that  they  would 
supply  practical  comments  and  details  which  could  be  used  in  preparing 
specifications  and  drawings. 

It  appeared  that  the  roll  layout,  oven,  spray  washer,  rinses, 
and  moving  parts  of  the  line  could  be  patterned  after  existing  pre- 
coating lines.  The  acid  treatment  would  require  a dipping  process 
rather  than  the  conventional  spray.  The  strip  would  be  passed  over 
stoneware  rolls  in  a long  shallow  ceramic  tank,  in  the  same  manner 
as  steel  strip  is  pickled.  Some  modification  of  the  coating  system 
would  probably  be  required  to  enable  it  to  handle  high-viscosity  adhesives 
with  "low-boiling”  solvents,  and  to  be  able  to  process  the  light  gages 
used  in  sandwich  assemblies. 


■Cx 


It  would  be  possible  to  combine  the  functions  of  a commercial 
precoating  line  and  a line  for  processing  heat-treated  coils  into 
the  same  unit.  This  would  entail  mounting  the  acid-solution  spray 
chamber  above  the  ceramic  tank  used  for  the  sulfuric  acid-sodium  di- 
chromate  solution,  and  using  them  alternately.  Conversion  of  the 
wider  precoating  lines  to  permit  cleaning  and  adhesive  priming  of 
aircraft  grades  of  aluminum  would  be  desirable  in  the  event  of  total 
mobilisation.  An  additional  function  of  such  a line  could  be  the 
application  of  nonelectrolytic,  chemically  applied,  anodic  coatings 
for  military  and  commercial  use. 
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Roll  Diameters 


There  was  sene  disagreement  among  equipment  manufacturers  as  to 
the  effects  of  material  thickness,  gage,  and  strength  in  determining  vteat 
roll  diameters  should  be  specified.  Most  manufacturers  who  worked  with 
steel  felt  that  a diameter  of  12  inches  would  be  much  too  small  to  carry 
aluminum  strip  0. 040-inch-thick.  Those  who  were  experienced  in  handling 
aluminum  strip  knew  that  0.051-inch-thick  metal  of  relatively  low  yield 
strength  could  be  passed  over  12-inch  rolls,  but  felt  that  heat-treated 
mterl&l  would  be  too  "stiff".  A formula  for  predicting  the  stress  in  the 
outer  fibers  is  quoted  as  follows! 

Stress  * Elastic  Modulus  x 

This  formula  Indicates  that  a stress  of  approximately  36,000  psi  would  be 
induced  in  aluminum  uni  a stress  of  100,000  psi  would  be  induced  in  steel 
by  passing  0.040- inch- thick  strips  of  the  tvo  metals  around  a twelve-inch 
roll.  Ordinary  steels  and  non-heat- treated  aluminums  would  be  cold-worked 
under  these  conditions,  but  heat-treated  aluminums  would  not.  The  soft 
outer  material  on  clad  tm-tmima  would  be  cold-worked  by  deflections  of  this 

order  but  the  structural  properties  of  the  sheet  an  a whole  would  be  sub- 

stantially unaffected. 

The  stress  formula  in  Itself  does  not  Indicate  whether  an  exces- 
sive tension  might  be  required  to  wrap  the  strip  snugly  about  the  roll. 
Experiments  have  indicated  that  a tennlon  of  2.8  lbs.  per  inch  of  width  is 
required  to  cause  O.OUO- inch- thick  ale lad  75S-T6  to  wrap  l80  degrees  about 
a 12- inch  diameter  drum,  with  full  contact  at  the  apex  of  the  bend.  This 
would  require  a total  tension  of  approximately  100  lbs.  on  a 18- inch  wide 
strip,  whereas  approximately  350  lbs.  would  probably  be  required  to  prevent 
excessive  sag  in  the  oven  catenary,  in  such  a system.  Twelve  inches  repre- 
sents a standard  roll  diameter  on  a line  of  this  type  and  appears  to  be 

adequate  for  heat-treated  aluminum  in  thicknesses  up  to  O.OW  inch. 


Availability  of  Coiled,  Heat-Treated  Aluminum 

An  analysis  of  the  availability  of  coiled,  heat-treated 
aluminum  on  the  baaie  of  discussions  with  the  three  major  suppliers, 
was  made  at  this  time.  Until  very  recently,  heat-treated  aluminum  had 
not  been  available  in  the  coil  form  in  widths  greater  than  12  inches 
in  thicknesses  under  0.016  inches,  and  2U  inches  in  thicker  gages.  One 
aluminum  company  has  recently  mada  available  heat-treated  coiled  sheet, 

36  inches  wide,  in  thicknesses  of  0.025  inches  and  greater.  Since  the 
most  common  thickness  used  in  sandwich  panels  is  0.016  inches,  and  since 
a major  portion  of  the  work  calls  for  widths  in  excess  of  2U  inches,  the 
present  availability  of  coil  would  not  Justify  the  purchase  of  a contin- 
uous processing  line.  Another  aluminum  company  has  advised  the  contractor 
that  their  future  plans  call  for  the  installation  of  continuous  heat- 
treating  equipment  which  will  enable  them  to  furnish  U8 -inch-wide  heat- 
treated,  coiled  material  in  practically  all  of  the  gages.  Although  no 
definite  date  for  the  start  of  operation  of  this  unit  can  be  set,  it  is 
estimated  that  from  two  to  four  years  will  be  required.  Although  it  is 
not  definitely  known,  it  is  probable  that  all  three  of  the  major  aluminum 
suppliers  have  plana  for  extending  the  width  ranges  of  their  coiled,  haab- 
t.reatod  aluminum  products. 
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It  should  be  noted  that  there  is  a distinct  advantage  in 
purchasing  the  material  in  th»  coil  form,  regardless  of  whether  the 
material  is  processed  Jn  this  form  or  not.  The  approximate  savings 
in  cost  per  pound  and  per  square  foot  of  2US-T  aluminum  in  various 
gages,  which  can  be  realised  in  this  manner  are  tabulated  as  follows t 


THICKNESS 


SAVINGS 


Inches 


Cents  per  Pound 


Cents  per  Square  Foot 


The  cost  savings  per  square  foot  of  finished  sandwioh  would 
be  twice  those  per  square  foot  of  sheet,  or  5.2  cents  per  square  foot, 
where  0.016- or  0.025-inch  facings  are  used.  An  additional  saving  brought 
about  by  buying  in  coil  is  the  saving  in  scrap  waste  , resulting  from 
efficient  shearing. 


In  the  survey  of  manufacturers,  particular  attention  was  given 
to  "shearing  and  stacking"  lines.  Photographs  of  two  of  these  lines  are 
shown  in  Figures  70  and  71  . A unit  of  this  type  shears  coils  at 
speeds  of  the  order  of  150  FPM  into  lengths  from  one  to  twelve  feet  long, 
within  a tolerance  of  approximately  1/32  inches.  The  cost  of  these  units 
runs  from  $15,000.00  to  $25,000.00.  They  have  gained  increasing  accept- 
ance in  the  automotive  industry,  where  there  has  been  a trend  toward  pur- 
chasing sheet  steel  in  the  coil  form. 


It  should  be  noted  here  that  the  quality  of  most  existing 
heat-treated  colled  sheet  (with  the  exception  of  the  newer  36-inch- 
wide material)  ie  below  that  of  flat  sheet,  in  that  it  is  very  likely 
to  be  warped,  and  inconsistent  in  hardness, from  the  effects  of  the 
batch  heat-treating  process.  This  condition  is  brought  about  by 
tomperature  gradients  in  the  relatively  large  mass  of  the  material 
during  the  heat-treating  process  and  ia  the  current  limiting  factor 
on  coll  width.  Currently  produced  heat-treated  flat  sheet  also  shows 
some  warpage  originally,  but  ie  "stretcher- leveled"  to  improve  its 
flatness.  This  leveling  process  brings  about  a small  upgrading  of 
physical  properties  which  allows  the  temper  designation  to  be  changed 
from  "T-U"  to  "T-3" • The  change  is  of  the  order  of  only  2000  psl 
and  is  not  a major  consideration  in  choosing  between  coil  and  sheet. 
Coils  which  a re  heat-treated  in  a continuous -strip  process  will 
show  less  warpage  than  do  current  batch-processed  coils,  as  lar  as 
is  known. 


Tracking 


The  problem  of  keeping  wide,  moving  o trips  accurately 
centered  has  until  recently  been  a retarding  factor  in  the  develop- 
ment of  continuous -coil  processing  systems.  Coiled  materials  usually 
contain  rolling  or  heat-treating  irregularities  which  cause  them  to 
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waave  or  track  sideways  when  they  are  paaaed  over  a number  of  plain  cylin- 
drical rolls . The  problems  increase  aa  the  width  of  the  material  and/or 
the  lineal  speed  are  increased.  Although  there  are  a number  of  well-estab- 
lished methods  for  keeping  atripa  of  paper,  doth,  and  other  low-modulus 
materials  properly  centered,  these  methods  are  not  generally  applicable  to 
metal  stripe.  The  cuxrent  upward  trend  in  width  tow&x-d  36  inches  and  46 
inches  has  largely  been  made  possible  by  the  advent  of  the  " lORIG-ALIGKER" 
system,  patented  by  U.  3.  Steel.  This  system  involves  the  use  of  metal 
and  rubber-covered  rolls  of  special  construction,  which  apply  centering 
forces  to  the  moving  strip.  The  strip-processing  Industry  currently  gives 
this  system  almost  universal  acceptance  as  a principal  means  of  improving 
tracking.  Individual  equipment  manufacturers  often  augment  it  with  systems 
of  their  own  design. 

The  inventor  of  this  system,  Mr.  E.  T.  Lorig  (Chief  Development 
Engineer,  Engineering  Division,  U.  S.  Steel  Corp . ) , wan  consulted  in  Pitts- 
burgh during  the  eastern  tour,  and  rendered  further  consultation  during  a 
visit  to  the  contractor's  facility. 

Tha  tracking  problems  in  the  system  in  question  will  be  minimised 
by  the  relatively  low  speeds,  but  will  undoubtedly  require  special  attention 
because  of  the  varpages  inherent  in  heat-treated  materials. 


Preparation  of 


nt  Specifications 


Since  the  application  of  coil-processing  techniques  to  the  prep- 
aration of  facings  appeared  sound,  and  sines  thare  was  a likelihood  of  ob- 
taining coiled  aluminum  within  a few  years,  effort  '-as  directed  toward  draft- 
ing a practical  design  layout  for  such  a unit,  and  determining  the  costs  of 
its  operation. 

A proposed  specif  ication,  "8-2" , and  a second  schematic  drawing, 
"L-3"  , were  distributed  among  the  firms  who  had  been  previously  consulted, 
with  the  request  that  they  svbmit  technical  cctassnt  and  criticism.  (This 
version  of  the  specification  and  drawing  were  omitted  from  the  report  since 
they  present  some  obsolete  information,  and  may  be  confused  with  tha  newer 
drafts  which  are  more  accurate  and  complete . ) 

The  conmer.ts  and  criticisms  received  from  these  inquiries,  a»d  the 
more  detailed  process  data  obtained  from  experimental  studies,  were  combined 
into  a Proposed  Specification  "8-4"  (not  a Government  specification),  which 
appears  with  drawings  "L-4",  "L-5",  and  "L-6"  in  Appendix  IV  of  this  report. 
This  material  was  sent  out  to  the  equipment  manufacturers  with  the  request 
that  they  retain  it  for  future  reference,  after  submitting  some  rough  cost 
estimates  and  additional  final  comments  on  practicability.  Since  some  of 
these  final  criticisms  were  of  a very  pertiut  .t  and  basic  nature,  it  was 
felt  necessary  to  issue  a supplement  to  the  original  specification.  This 
supplement  appears  in  Appendix  IV,  along  with  the  original  specification. 

(The  specification  itself  has  received  minor  corrections  in  form  and  ac- 
curacy since  being  distributed.)  The  intent  in  preparing  this  specification 
material  was  not  to  set  forth  rigid  or  binding  limitations,  but  to  provide  a 
useful  guide  to  prospective  suppliers  in  understanding  the  process  require- 
ments, and  to  give  a prospective  buyer  a sound  oasis  for  auditing  and  evaluat- 
ing future  proposals. 
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Sources 


following  is  & listing  of  manufacturer  a who  contributed  tech- 
nical information  in  the  surveys,  and/or  appeared  to  be  capable  of  providing 
the  major  portion  of  the  equipment  for  the  proposed  continuous  -coil  clean- 
ing and  priming  line,  and  for  the  shearing  and  stacking  line.  The  firms 
are  arranged  alphabetically  in  groups  corresponding  to  the  general  type  of 
equipment  that  they  supply*  (This  list  does  not  constitute  an  endorsement 
of  the  qualifications  of  these  firms,  and  undoubtedly  overlooks  same  firms 
vho  are  qualified  to  supply  this  equipment. ) 

(1)  Continuous-Coil  Processing  Equipment,  general: 


Frank  W.  Egan  & Co, 
Bound  Brook,  New  Jersey 

Oasway  Corporation 
6U63  No.  Ravenswood  Are, 
Chicago  26,  Illinois 


James  Hunter  Machine  Co. 
North  Adams,  Massachusetts 

Ovens  for  Industry,  Inc. 
2032  W.  105th  Street 
Cleveland,  Ohio 


Wean  Equipment  Corp. 
22800  Lakeland  Blvd. 
Cleveland  17,  Ohio 

(2)  Acid-Resistant  Tanks: 


Maurice  A.  Knight  Nukem  Products  Corp. 

Kelly  Avenue  600  16th  Street 

Akron,  Ohio  Oakland  12,  California 


Stxehle  & Co. 

605  Addison  Street 
Berkeley  10,  California 


(3)  Ovenu: 


Aladdin  Heating  Corp. 
Ill  West  Avenue.,  137th 
San  Leandro,  California 

Drying  Systems,  Inc. 
1808  W.  Foster  Avenue 
Chicago,  Illinois 


Grieve- Hendry  Co.,  Inc. 
1811  West  Lake  Street 
Chicago  12,  Illinois 

W.  C,  Matheson  Co. 

228  - 9th  Street 

San  Francisco,  California 


J.  0.  Ross  Engineering  Corp. 
600  St.  Paul  Avenue 
Los  Angeles,  California 


0 
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(U)  Coaters: 

The  Black  Bros*  Equip.  Co* 
Mendota,  Illinois 

Potdevin  Machine  Co. 

200  North  Street 
Teterboro,  New  Jersey 

(5)  Spray  Washers t 

Cincinnati  Cleaning 

& Finishing  Machinery  Co. 
Hageman  Street 
Sharonville,  Ohio 

Drying  Systems,  Inc. 

1006  W.  Foster  Avenue 
Chicago,  Illinois 

Hanson-VcnWinkle-Munning  Co. 
Mata wan.  New  Jersey 

James  Hunter  Machine  Co. 
North  Adams,  Massachusetts 


Industrial  Systems  Co. 

28  Main  Street 
Matawan,  New  Jersey 

(6)  Special  Rolls: 

Mount  Hope  Machinery  Co, 

15  Fifth  Street 
Taunton,  Massachusetts 

(7)  Shearing  and  Stacking  Lines: 

Dahls trom  Machine  Works,  Inc. 
h2 27  W.  Belmont  Avenue 
j Chicago  1*1,  Illinois 


Union  Tool  Corp. 

Warsaw,  Indiana 

John  Waldron  Corp. 

P.  0.  Box  791 

New  Brunswiok,  New  Jersey 


George  Koch  and  Co. 
Evansville,  1*  Illinois 


L.  W.  Lefort 
2335-52nd  Street 
Vernon,  California 

Magnus  Chemical  Co. 
Qarwood,  New  Jersey 

Peters  - Dalton 
17900  Ryan  Road 
Detroit  12,  Michigan 

N.  Ransohoff,  Inc. 

N.  5th  St.  at  Ford  Blvd. 
Hamilton,  Ohio 


United  States  Steel  Corp. 
Pittsburgh,  Pa. 


Union  Tool  Corp. 
Warsaw,  Indiana 
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The  rough  equipment  cost  estimates  received  from  the  proa- 
peotlve  suppliers  showed  extremely  wide  variations.  Some  of  the 
suppliers  evidently  interpreted  the  line  as  being  almost  entirely 
a special  design  which  would  require  initial  research  and  development 
■*ork,  while  others  regarded  it  as  more  or  less  standard.  It  appeared 
to  be  generally  desirable  to  place  the  responsibility  for  fabricating 
the  line  in  ths  hands  of  one  firm  if  possible. 

A continuous -coil  processing  line  (without  the  shear  line) 
could  be  purchased  for  a price  of  the  order  of  $150,000  to  $175,000. 

In  order  to  determine  whether  the  cost  of  the  line  is  Justi- 
fied, the  square- footage  costs,  with  continuous-coil  processing  tech- 
niques and  with  existing  batch  techniques,  are  estimated  here.  A 
third  case  that  will  be  considered  is  a continuous  monorail  system  for 
handling  cut  sheet.  (See  Pl'int  Layouts,  Appendix  III.)  These  costs 
are  computed  on  the  basis  of  facing  square-footage,  and  must  bo  doubled 
for  sandwich  cost  estimates.  It  is  important  to  note  that  the  estimates 
assume  that  optimum  process  conditions  as  determined  in  this  project, 
are  upheld  in  all  three  cases. 

Square-footage  costs  shown  here  for  batch  operations  are 
highly  theoretical,  and  are  not  based  on  actual  data  collected  in  the 
industry.  Actual  coats  of  this  type  are  generally  unavailable  from 
sandwich  manufacturers.  Utilisation  rates  vary  considerably  from  firm 
to  firm,  whereas  these  costs  assume  only  one  utilisation  rate,  presumed 
to  be  at  a comparatively  high  level. 


a)  Assumptions: 

(1.)  The  following  three  types  of  production  systems 
are  assumed! 

Case  Xi 

Low-production  batch  process!  single  monorail,  one 
rack  every  55  minutes,  containing  6 sheets,  4'  x 8'; 
priming  done  by  one  spray  operator;  sheets  dried  in 
batch  oven.  Total  crew:  3 man. 

Initial  cost  of  systemi  $50,000.00 
Total  output  per  shift:  1500  square  feet 

Case  Y: 

High-production  batch  process;  continuous  monorail, 
one  rack  every  15  minutes,  containing  6 sheets 
4'  x 8',  priming  done  by  two  epray  operators  ae 
sheets  travel  by  on  moving  conveyor;  continuous 
oven  used  for  drying. 

Total  crew:  8 men 

Initial  coot  of  system:  $75,000.00 

Total  output  per  shift:  5*000  square  feet 

Case  Z: 

Continuous-coil  cleaning  and  priming  line;  with 


t 
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supplementary  coil- shearing  line.  Speed  varies  with 
gage.  Average  width  of  material  id  36  incnes  (max.: 
48  inches).  Priming  done  by  roller  coater. 


Total  crews  is  men 

Initial  cost  of  systems  $175*000.00 

Total  output  per  shifts  10,000  to  25,000  square  feet 

as  tabulated  below s 


Thickness  Machine 

Inches  Speed 

(approx.) 


Sq.  Pt.  Sq.  Ft.  Sq.  Ft.  per  year 
Hour  Shift  50  weeks 


5 shifts  15  shifts 
week  week 


012 

18 

FFM 

3200 

25,000 

6,250,000 

18,000,000 

016 

12 

it 

2100 

16,000 

U, 000,000 

12,000,000 

025 

10 

«i 

1800 

lh,000 

3,500,000 

10,500,000 

oho 

7 

»t 

1250 

10,000 

2,500,000 

7,500,000 

(2.)  For  purposes  of  these  estimates,  it  is  assumed  that 
these  systems  are  used  either  (a)  5 shifts  per  week  or  (b)  15  shifts 
per  week.  The  burden  rates  corresponding  to  these  shift  utilisations 
are  (*)  2.0  x Direct  Labor  and  (b)  1.5  x Direct  Labor. 


(3.)  Direct  labor  in  every  case  is  assumed  to  cost  $2.25 
per  man  hour. 


(U.)  The  total  square  footage  rates  have  been  adjusted  down- 
ward from  the  theoretical  maximum  in  every  case  to  allow  for  down 
time,  relief  periods,  etc. 


b)  Base  Costs  Proportional  to  Square  Footage  in  All  Methods: 


It  will  temporarily  be  assumed  in  this  estimate  that  the 
cost  of  aluminum  raw  materials  in  the  three  systems  i3  the  same,  and 
this  cost  will  not  be  included  in  the  cost  of  processing.  (As  noted 
in  the  discussion  of  the  availability  of  coiled,  heat-treated  aluminum, 
the  price  of  coil  stock  is  1.6^  to . 2 ,6^/sq. ft.  less  than  the  price  of 
cut  sheet.) 


(1.)  Adhesive!  Assumes  dilute  (1:1) "FM-U7" (or  equivalently 
priced  adhesive)  applied  to  give  0.002  lbs./sq.  ft.  solids. 


Assumed  Prices*  *FM-U7"“  $U.50/gal.;  Thinner  - $2. 75/gal. 
Weight  of  liquids:  8 lb. /gal. 

Solids  content  of  adhesive  ■ 20  percent. 

Cost  - ( .002)  x UU.50  + $2.75) 

(72)'  W 

• $.009/sq.  ft.  ■ 0.9^/sq.  ft. 


(2.)  Chemicals:  Assumes  that  acid  must  be  replaced  after 
60  sq.  ft. /gal.  (200,000  sq.  ft.  per  tank)  have  been  processed: 


Acid:  O.Ul/sq.  ft.  (see  Discusaxon  6.  Section  I, 

Alkaline  (assumed):  O.li/eq.  ft.  Part  F) 

Total  0.5#/sq.  ft. 
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e)  Coats  Proportional  to  Number  of  Shifts t 

(1)  Labor t (at  $2. 25/man-hour  • $l8.00/man-shif t) 

Xi  3 men  x $18.00  + 1500  aq.  ft.  - $.036/aq.ft.  ••  3*6#/sq.ft. 

Tt  8 " x " + 5000  aq.  ft.  - $.029/aq.ft.  - 2.9*/oq.ft. 

Zt  U " x " + figures  tabulated  bolow 


Thickness 

Inches 

Sq.  Ft. 

5Ki"fF“ 

Labor  Cost*  Case  Z 
$/Sq.Ft.  ^/Sq.Ft. 

.012 

25,000 

.0029 

0.3 

.016 

l6,ooc 

.00U5 

o.U5 

.025 

lil.000 

.0051 

o.5 

.OhO 

10,000 

.0072 

0.7 

(2)  Utilities t 

Oaai  Assume  total  gas  load  in  all  systems  is 

3 million  BTU/hr  - 3 x(l360  cu.  ft. /million  BTU) 

- Uooo  ou.ft./hr. 

Assumed  costt  30^/thouaand  cu.  ft. 

Total  gas  cost  per  shlfti  $9.60 

Electricityi  Assume  fl.OO/shift 

Water i Assume  consumption  • 10  OFW  9 0.025#/gal.  • $1.20/ahift 
Total  utility  cost/shl?t»  • $11.80 

Utility  square-footage  costs t 

I*  $11.80  + 1500  - $.008/aq.ft.  - .8*/sq.  ft. 

Ti  " +5000  - $. 002/sq.ft.  - ,2*/sq.  ft. 

Zt  n + figures  '.tabulated  belowt 


Thickness 

Inches 

Sq.  Ft. 
Shift  “ 

Utilities  Cost, 
$/Sq.Ft. 

Case  Z 

f/Sq.Ft. 

.012 

25,000 

0.0005 

0.05 

.016 

16,000 

0.0007 

0TO7 

.025 

1^,000 

0.0008 

0.08 

.OUO 

10,000 

0.0012 

07T 
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II  - D,  Continued 
d)  Burden  (not  including  amortisation). 


Case 

Direct 

labor, 

f /sq.ft. 

a)  5 shifta/wk  b)  15  i 
• 2.0  x D.  L.  • 1.5  : 

Burden 

#/sq.  ft.  #/sq.  i 

X 

3.6 

7.2 

iiU 

X 

2.2 

li.li 

23 

.012 

0.29 

0.6 

o.U 

.016 

0.U5 

O 

$77 

.025 

0.51 

T75 

$7% 

.032 

0.72 

T75 

T7L 

e)  Machine  Amortisation! 

Assume]  S-y\ 


5 -year  economic  life, 

10  pet.  salvage  value. 

Straight-line  depreciation 


Annual  charges: 

Xt  t$0,000  - <5.000  - 19,000/vr. 

5 years 

Y:  <75,000  - #7500  - <13,500/yr. 

5 years 

Zt  <175,000  - <17,500  - <32,000/jrr. 
5 years 


Square-Footage  Charges: 


Annual 
Case  Charge 


X < 9,000 
X <13,500 

'.012 

] 32, ooo 

.oho 


AuortiAation/sq . f t. 
Yearly  3q.  Footage  la:  5 shifts  b:l5  shifts 


a:  5 shifts  b:  15  shifts 


Wu£Z 


. ft. 


2.U 

0.8 

T7T 

P7?5 
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f)  Total  Square  Footage  Processing  Coetet 


Cost  in  Cents  per  Sq.  Ft*  of  Facings t 


Item: 

L Batch 

Coll 

X 

Y 

.012 

Z 

.016 

.025 

.oao 

Adhesive 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

Chemicals 

0.5 

0.5 

o.5 

0.5 

0.5 

0.5 

Labor 

3.6 

2.9 

0.3 

o.a5 

0.5 

0.7 

Utilities 

0.8 

0.2 

0.05 

0.07 

O.Ofl 

0.1 

Burden 

7.2 

a. a 

0.6 

0.9 

1.0 

i.a 

*j  Amortisation 

2. a 

1.1 

0.5 

0.8 

0.9 

1.3 

^ Total  Cost 

15. a 

10.0 

2.9 

3.6 

3.9 

a. 9 

2 Burden 

5.a 

3.3 

o.a 

0.7 

0.8 

i.i 

23  Amortisation 

0.8 

0.35 

0.18 

0.27 

0.30 

0.U3 

)£)  Total  Coat 

12.0 

8.15 

2.33 

2.89 

3.08 

3.56 

It  should  be  noted  that  the  costs  (and  savings)  shown  here 
represent  half  of  the  costs  of  processing  facings  for  one  square  foot 
of  sandwich. 

These  estimated  costs  show  that  a coil-processing  system 
offers  significant  economies  over  batch  methods.  These  savings  are 
in  addition  to  those  which  can  bvi  realised  by  purchasing  and  shearing 
aluminum  in  the  coil  form  (a  prerequisite  in  coil- processing  and  an 
alternative  in  batch  processing) . 

It  may  be  concluded  that  a continuous  cleaning  and  priming 
system  will  be  technically  and  economically  Justified  when:  (1)  colled 
heat- treated , aluminum  becomes  available  in  widths  up  to  U8  inches  and 
(2)  when  there  is  sufficient  demand  for  cleaned  and  primed  sandwich 
facings . 


It  is  anticipated  that  both  of  these  conditions  may  be  real- 
ised by  1957  or  1958.  (Parts  of  the  design  of  the  continuous -coil  pro- 
cessing unit  proposed  in  this  project  may  be  obsolescent  at  that  time, 
and  the  cost  of  this  type  of  equipment  may  change  in  the  interim 4 


I 

I 
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Figure  _66:  Accumulator,  stitcher  and  double- 
reel uncoiler  in  typical  strip  painting  line. 
(Photo  courtesy  Gasway  Corp.) 


Figure  _6J_:  Spray  washers  and  rinses  in  typical  strip 
painting  line.  Note  web  emerging  from  squeegee  rolls 
at  right.  (Photo  courtesy  Gasway  Corporation) 
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Figure  68:  Double  paint  coater  in  typical  alumi 
num  strip  painting  line.  Coated  web  enters  con- 
tinuous drying  oven  at  upper  right.  (Photo  cour- 
tesy Gas way  Corp.) 


Figure  6q : Oven,  cooling  rolls,  drive  and  rewind  spools 
in  typi.al  aluminum  strip  pe.inting  line.  (Photo  courtesy 
Gasway  Corp . ) 
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Figure  JIj  Coil  shearing  and  stacking  line.  Shown  here  with 
cradle-type  unwind  stand;  spool-type  stands  may  be  substituted 
(Photo  courtesy  Union  Tool  Corp.) 
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SECTION  II,  Continued 


E - CURING  PRESSES! 

Moat  flat  sandwich  is  cured  in  "heated- platen"  or  "hot- 
plate" presses  of  the  same  general  types  used  in  making  plywood. 
These  presses  sometimes  giro  unsatisfactory  results  in  honeycomb- 
sandwich  bonding  because  of  a lack  of  parallelism  in  their  openings. 
This  problem  causes  the  same  type  of  difficulties  *J*e  * 

core-thickness  irregularities,  but  cannot  be  relieved  by  * 

core-thickness  tolerance,  and  can  be  only  P*rt,ly/®ii®v®d 
ing  resilient  padding  materials  on  either  sioe  of  the  sandwich  com- 
posite » 

The  following  simplified  sketch  of  a typical  five-opening 
hot-plate  press  presentr  the  nomenclature  used  in  thid  discussion. 


UPPER  FIATEN  STRUCTURE 


It  should  be  noted  that  the  hot-plates  themselves  are  sometimes  referred 
to  as  "platens",  but  this  is  not  the  preferred  nomenclature.  Platens 
are  ordinarily  unheated,  rigid  structural  members  — unless  the  hot 
plates  and  platens  are  combined  into  one  structure,  in  which  case  the 
entire  unit  is  called  a "heated  platen". 
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General  survey  information  obtained  early  in  the  project  in- 
dicated that  variations  in  the  press  openings  over  the  working  area  in 
sandwich  bonding  presses  might  exceed  0.030  inches  in  some  cases.  The 
error  was  generally  attributed  to  thermal  warpage,  rather  than  to  lack 
of  precision  in  construction.  The  thermal  errors  were  caused  primarily 
by  temperature  gradients  in  the  rigid  frame  and  backup  components  of  the 
presses,  and  were  transient  in  nature  over  the  first  eight  to  2h  hours 
of  operation  after  heatup.  It  was  known  that  presses  were  often  "shimmed" 
to  correct  the  errors.  The  transient  nature  of  the  error  suggested  that 
shimming  was  not  a satisfactory  solution, since  flatness  in  a press  which 
had  been  shimmed  at  temperature  equilibrium  would  not  be  assured  in  the 
interim  period  between  the  time  the  press  reached  operating  temperature 
and  the  time  of  equilibrium,  aome  sandwich  manufacturers  felt  that 
total  warpage  error  was  divided  evenly  among  the  openings  in  multiple- 
opening presses,  reducing  its  harmful  effects. 

The  development  of  special  curing  fixtures  utilizing  fluid 
pressure,  transmitted  through  flexible  or  semi-flexible  envelopes^  was 
first  considered.  It  was  recognized  that  fluid  pressure  envelopes  are 
advantageously  employed  in  the  bonding  of  some  contoured  primary  struc- 
tural parts,  but  they  present  as  many  technical  and  operational  prob- 
lems as  are  encountered  in  ordinary  heated  presses.  Since  heated  presses 
represent  a durable  class  of  machines  with  which  both  builders  and 
users  have  accrued  much  experience,  and  since  they  are  widely  used 
in  the  bonding  of  flat  sandwich,  it  was  decided  to  concentrate  on  the 
improvement  of  this  type  of  curing  fixture. 


The  first  step  was  to  devise  a procedure  for  determining 
deviations  from  parallelism  in  the  openings  of  sandwich  bonding 
presses.  In  tae  first  method  tested,  lead  wires  were  laid  two  inches 
apart  across  the  lower  hot  plate  of  a laboratory  press.  It  was  found 
that  the  press  had  to  be  at  temperature  to  produce  and  deformation  at 
*11  in  the  wires.  The  wire  derormations  in  one  laboratory  press  having 
flexible  loading  rams  showed  an  average  gradient  of  0.010  inches  down 
the  length  of  the  press . The  exact  cause  of  this  gradient  was  not 
determined,  but  it  was  obvious  that  the  gradient  did  not  exist  under 
actual  curing  conditions.  In  order  to  rimulate  a flat,  incompressible 
panel  surface  and  remove  the  indeterminate  effects  of  lead  wire  com- 
pressibility, a pattern  of  aluminum  store  O.O^l  inches  thick  was  laid 
out,  and  short  pieces  of  0. 090-inch  (diameter)  lead  wire  were  placed 
at  definite  intervals  throughout  the  pattern.  This  method  appeared 
to  give  a true  indication  of  the  press  parallelism  which  would  exist 
where  the  panel  under  cure  was  perfectly  uniform  in  thickness . (it 
should  be  observed  that  the  method  did  not  reveal  the  flatness  of  the 
plate  surfaces.  "Parallelism,"  in  the  sense  used  here  does  not  neces- 
sarily imply  flatness  of  the  surfaces,  or  straightness  of  th*  opening^ 
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The  proposed  "lead-wire”  method  was  tried  in  a large  pro- 
duction press,  and  refinements  in  the  procedure  were  made.  This  in- 
vestigation culminated  in  the  following  recommended  procedure: 


1.  General: 


It  is  desirable  that  two  tests  be  runj  one  as  the  press 
Just  reaches  operating  temperature,  and  another  after  a 
period  of  at  least  16  hours  of  continuous  operation.  It 

is  desirable  to  run  additional  tests  to  simulate  conditions 
under  which  undersize  panels  are  bonded.  Two  men  are  required 
for  each  test,  for  a period  of  about  1/2  hour,  including  five 
minutes  of  press  time. 

2 . Materials : 

(1)  Aluminum  stops,  0.051  inches  thick,  10  inches  long,  and 
l/h  to  1/2  inches  wide. 

(2)  Lead  wire,  0.090  inches  in  diameter,  cut  into  pieces 
1/2  inch  long. 

(3)  Two  cauls  in  good  condition. 

(U)  Micrometer. 

(5)  Marking  Pen. 

(6)  Steel  tape. 

3.  Method: 

(1)  Mark  off  a rectangle  corresponding  to  a typical 
panel  size  on  the  cleaner  of  the  two  cauls. 

(2)  Lay  out  a pattern  of  0.051"  thick  aluminum  stops 
within  the  rectangle.  Although  the  configuration  is 
arbitrary,  a "checkerboard"  of  open  rectangles  is  most 
convenient.  The  sides  of  the  rectangles  should  be  from 
12  to  18  inches  in  length.  An  additional  stop  should  be 
placed  diagonally  in  each  rectangle  to  prevent  local 
distortion. 

(3)  After  the  stops  have  been  laid  out,  place  a 1/2  inch 
long  piece  of  lead  wire  at  each  rectangle  corner  and  at  the 
ct  iter  of  each  rectangle.  If  the  wires  are  kinked  before 
they  are  put  in  place  they  will  not  tend  to  roll  when  the 
caul  is  lifted. 

(U)  Place  the  second  caul  carefully  over  the  wires  and 
stops.  Insert  the  two  cauls  in  the  press.  (Caution:  In 
lifting  the  cauls  take  care  not  to  allow  them  to  sag  or 
open  up.)  Apply  curing  pressure. 


: 
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(5)  Remove  the  cauls  after  approximately  five  minutes. 

Lift  the  top  caul  gently,  and  carefully  invert  it  before 
laying  It  down. 

(6)  Measure  the  wire  thicknesses  with  a micrometer, 
recording  them  on  a preliminary  diagram. 

(7)  Subtract  the  smallest  thickness  reading  from  all  of 
the  readings.  Enter  these  differences  on  a final  diagram. 
Note  the  conditions  of  the  test  (pressure,  temperature, 
date,  eto.). 

Copies  of  the  recommended  procedure  were  furnished,  along  with 
quantities  of  pre-cut  lead  wire  and  stops,  to  a number  of  honeycomb  manu- 
facturers, with  the  request  that  they  return  copies  of  the  results. 

Results  from  three  large  (U  ft.  x 8 ft.  or  greater)  presses 
were  obtained  in  response  to  this  survey.  Those  who  performed  the  test 
indicated  that  the  method  was  satisfactory.  The  following  diagrams  rep- 
resent the  results t 


PRESS  NO.  1 (Two  openings,  50  pal, 
300°F,  loaded  by  hydros tatio  pressura 
in  8 parallel  fire  hoses  between  bed 
and  lower  platen.  Platen  insulated 
from  lower  hot  plate  with  "Transits" ) t 
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PRESS  NO.  2 (Two  openings,  60  psi 
300°F  for  at  least  2h  hours): 


THOUSANDTHS  OF  ONE  INCH 


PRESS  NO.  3 (One  opening 
300°F,  10  psi): 


23  16  12  7 


THOUSANDTHS  OF  ONE  INCH 

Presses  Number  1 and  Kumber  2 showed  maximum  errors  of  0.006 
and  0.0055  inches  respectively,  an  acceptable  degree  of  parallelism.  Th 
maximum  error  of  0.023  inches  in  press  Number  3 shows  a very  poor  degree 
of  parallelism  which  could  not  be  alleviated  by  the  use  of  press  padding 
materials.  It  is  believed  that  press  Number  3 may  represent  a condition 
which  is  not  uncommon  throughout  the  industry. 
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The  next  step  in  the  program  was  to  solicit  advice  from  press 
manufacturers.  A form  letter  of  inquiry  was  sent  to  27  firms,  with  a 
sar.ole  of  sandwich  material,  and  a diagram  showing  one  proposed  means  of 
cojrecting  the  warpage  problem.  The  letter  explained  the  conditions  of 
honeycomb  sandwich  manufacture  and  the  contractor's  conception  of  the 
warpage  problem. 

Several  of  the  firms  who  were  surveyed  indicated  either  that 
they  did  not  manufacture  hot  presses,  or  that  their  presses  were  too 
small  for  the  application.  The  following  press  manufacturers  responded 
with  technical  information  regarding  the  design  and  operation  of  hot- 
pressing  equipment.  (This  list  does  not  constitute  an  endorsement  of 
the  qualifications  of  theje  firms,  and  undoubtedly  overlooks  some  firms 
who  are  qualified  to  supply  panel-pressing  equipment. )» 


Baldwin-Llma- Hamilton  Corp. 

2020  Nineteenth  St. 

San  Francisco  10,  Calif. 

Berthelsen  Engineering  Works,  Inc. 
P.  0.  Box  1U23 
Joliet,  111. 

Fjellman  & Vinther  Co. 

P.  0.  Box  1205 
Joliet,  111. 

Merritt-Solem  Division 
Solem  Machine  Co. 

Lockport,  New  York 

Plycor  Company 

(associated  with  Becker  & Van  Huel 
565  W.  Washington  St. 

Chicago  6,  111. 


0.  Siempelkamp  & Co. 

Krefeld,  Germany 

Domestic  Distributors! 

Heyer  Sales  and  Engineering  Co. 
1003  Washington  Bldg. 

Tacoma  2,  Wash. 

Wilco  Machine  Works 
1301  North  Holywood  St. 

Memphis  8,  Tenn. 

Williams-White  & Co. 

Moline,  111. 

R,  D.  Wood  Co. 

Public  Ledger  Bldg. 

Independence  Square 
Philadelphia  5,  Penn. 


i 

i 

i 
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Although  some  of  the  firms  had  supplied  presses  for  honeycomb 
sandwich  manufacture,  most  of  them  had  not  previously  been  aware  of  the 
flatness  requirements  involved.  The  majority  of  hot-plate  presses  are 
supplied  for  applications  where  precision  requirements  are  much  less 
demanding.  All  agreed  that  warpage  was  generally  caused  by  thermal 
gradients  in  the  rigid  unheated  components  of  the  pree  i.  A n ur.be r of 
simple  modifications  can  be  made  in  an  ordinary  press  to  reduce  or 
eliminate  the  thermal  warpago  problem,  and  some  presses  are  initially 
designed  to  produce  very  low  warpages. 

The  thermal  warpage  in  question  is  usually  attributable  to 
temperature  gradients  In  the  top  and  bottom  platens,  particularly  the 
top  platen.  The  underside  of  the  top  platen  is  hotter  because  of  its 
proximity  to  the  adjacent  hot-plate,  and  as  a result,  the  platen 
structure  deflects  downward.  The  loading  of  the  press  tends  to  bring 
about  an  opposite  deflection  upward,  but  the  two  deflections  do  not 
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necessarily  cancel  one  another.  An  upward  thermal  deflection  may  occur 
in  the  lower  platen  structure  in  the  same  manner.  The  hot  plates  them- 
solves  are  usually  machined  steel  plates,  approximately  two  inches  thick, 
with  drilled  passages  for  the  heat-transfer  medium.  Their  high  area- 
to-thickness  ratio,  and  the  fact  that  they  are  drilled,  make  them  rel- 
atively flexible  and  low  in  strength. 

The  platen  surfaces  in  a conventional  press  are  insulated 
from  the  hot  plates,  usually  by  steel  strips.  Although  the  steel 
strips  are  relatively  inefficient  as  an  insulator,  their  thicknesr 
can  be  controlled  very  precisely,  while  most  conventional  thermal 
insulating  materials  are  too  soft  and  too  low  in  strength  to  be 
satisfactory.  Special.,  high -strength  materials  have  been  developed 
specifically  for  the  insulation  of  hot  presses,  but  these  materials 
have  not  gone  into  wide  use  at  this  writing.  Shim  stock  is  often  in- 
serted under  the  insulating  strips,  to  compensate  for  known  deviations 
from  parallelism. 

It  is  a matter  of  common  knowledge  in  the  press  industry  that 
the  dimensional  stability  of  any  press  can  be  improved  by  reducing  or 
stopping  the  flow  of  heat  from  the  hot-platee  to  the  platens.  One 
method  of  accomplishing  this  is  to  insert  an  additional  drilled  plate 
between  the  platen  and  its  adjacent  hot  plate,  for  tha  circulation  of 
cooling  water.  Steel-strip  insulation  must  be  added  to  both  sides  of 
the  additional  plate  to  prevent  chilling  of  the  hot  plate  and  to  pre- 
vent platen  warpage  resulting  from  variations  in  the  temperature  of 
the  cooling  water.  When  a water-cooled  plate  has  been  added,  it  is 
sometimes  necessary  to  compensate  for  the  additional  heat  los3,  by 
using  two  heated  plates  instead  of  one.  This  modification  is  ordin- 
arily oarried  out  at  the  top  platen  only,  but  is  sometimes  done  at  the 
bottom  platen  as  well.  The  introduction  of  water-cooled  plates  sub- 
stantially reduces  transient  and  steady-state  heat  flow  to  the  rigid 
platens  and  allows  the  press  to  be  shimmed  to  a stable  degree  of 
mechanical  and  thermal  flatness. 

Some  presses  are  designed  to  minimize  thermal  warpage a with- 
out using  coolants.  Usually  this  involves  combining  the  platen  and 
adjacent  hot  plate  into  one  rigid  structure  which  is  heated  uniformly, 
top  to  bottom. 

The  sketch  at  the  beginning  of  this  discussion,  shows  a press 
of  the  "strain  rod"  type,  in  which  the  pressing  load  is  resisted  by 
four  corner  posts.  In  another  type  of  press  frame,  the. bed,  strain- 
rods,  and  upper  platen  reinforcement  are  replaced  by  a number  of  large, 
parallel  plates,  bolted  or  welded  together  with  spacers  in  between.  A 
rectangular  opening  is  made  in  the  plates  to  receive  the  platens,  hot- 
plates and  loading  mechanisms. 

Regardless  of  the  design,  the  prospective  press  buyer  should 
obtain  some  indication  or  guarantee  of  the  magnitude  of  mechanical  and 
thermal  deflections  in  a given  press.  For  ordinary  fiat  sandwich  bond- 
ing the  contractor  has  concluded  that  a press  should  maintain  a paral- 
lelism within  limits  of  the  order  of  0,00$  inches  at  any  time  after 
reaching  operating  temperature,  and  should  not  deflect  mere  than  0.015 
Inches  in  each  100  Inches  of  length  unaer  a full— area  load  of  100  psi. 
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A press  in  which  uniform  loading  is  approached  or  approximated 
is  more  stable  dimensionally,  A system  utilising  eight  or  more  hydraulic 
rams  in  two  banks,  and  in  which  the  rams  can  be  used  selectively,  is 
recommended  where  undersize  panels  are  likely  to  be  bonded.  Ordinarily, 
undersize  panels  are  likely  to  induce  undesirable  end  deflections  which 
sometimes  endanger  the  press  itself.  It  is  very  advantageous  to  be  able 
to  use  only  the  four  rams  in  the  center  on  half-size  panels.  The  alter- 
native to  this  safeguard  against  excessive  deflection  is  to  place  "stops” 
near  the  ends  of  the  press  openings,  a practice  which  can  cause  faulty 
pressure  distribution  arising  from  the  difficulty  in  selecting  stops 
of  proper  thickness. 

It  is  essential  that  presses  whicn  are  to  be  used  for  honeycomb 
sandwich  bonding  have  a smooth  and  uniform  action  in  closing.  Some  presses 
are  provided  with  "compensators"  to  prevent  the  platens  from  closing  un- 
evenly as  a result  of  the  binding  action  of  the  ram  cylinders. 

Five  to  ten  openings  would  be  desired  in  a press  which  is  to  be 
used  for  the  high  production  of  flat  sandwich  parts.  The  maximum  number 
of  openings  Is  limited  by  the  combined  weight  of  the  floating  hot  plates 
in  lbs.  per  square  inch  of  full  press  area.  This  figure  represents  the 
pressure  differential  between  the  top  and  bottom  panels  in  the  load . 
assuming  full-size  panels.  The  pressure  applied  to  undersize  panels  as 
a result  of  this  dead  weight  would  naturally  be  greater.  The  lighter 
honeycombs  have  bare  flatwise  room  temperature  compressive  strengths 
of  the  order  of  100  psi.  Assuming  a factor  of  three  to  allow  for  con- 
centrations of  load  and  loss  of  strength  at  elevated  temperatures,  the 
maximum  allowable  pressure  on  the  bottom  panels  should  be  approximately 
30  psi.  Assuming  that  10  psi  should  be  the  pressure  applied  to  the  panel 
in  the  top  opening,  in  this  range  of  density,  the  maximum  differential 
caused  by  the  weight  of  the  plates  should  ba  no  more  than  20  psi.  If 
"half-size"  panels  are  assumed,  the  combined  weight  of  the  "floating" 
components  should  be  no  more  than  10  psi,  over  the  total  press  area. 

It  can  readily  be  seen  that  if  a multiple-opening  press  is 
closed  Immediately  on  a new  load  of  panels,  the  bottom  panel  will  be 
subjected  to  a pressure  far  in  excess  of  that  usually  recommended  for  a 
conventional  "pre-heating"  period.  If  it  is  felt  necessary  to  preheat 
the  panels  at  "contact"  pressure,  a special  loading  schedule  must  be 
observed.  The  press  must  be  closed  slowly  enough  to  allow  the  bottom 
panel  to  receive  the  weight  of  one  floating  hot  plate  at  a time,  at 
appreciable  intervals#  As  the  weight  of  each  new  plate  is  brought 
onto  the  panel,  the  effective  pressure  then  rises  in  a stepped  gradient. 
With  suitable  control  equipment,  the  top  press  openings  can  be  loaded 
while  the  lower  openings  (already  loaded)  are  being  closed,  one  at  a 
time,  by  the  rising  platen.  It  is  estimated  that  1 5 seconds  should  be 
allowed  for  the  closing  of  each  opening.  After  the  topmost  opening  is 
closed,  the  press  may  be  allowed  to  stand  at  contact  pressure  in  the 
top  opening  for  a suitable  period,  after  which  full  pressure  would  be 
applied  for  the  duration  of  the  cure.  Whether  this  proposed  loading 
cycle  is  used  or  not,  the  prospective  buyer  should  determine  whether  the 
pressure  control  equipment  being  offered  with  the  press  will  lend  it- 
self to  the  close  control  necessary  here.  Particular  attention  should 
be  given  to  ability  of  the  control  system  to  reproduce  end  maintain 
very  low  pressure*  in  the  top  opening# 
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Because  of  the  danger  of  disrupting  the  r. rmal  filleting  and 
coalescence  of  the  adhesive  bond,  it  would  appear  that,  presses  should 
not  be  "breathed"  or  "cracked"  during  the  cure.  (This  conclusion  is 
not  directly  supported  by  experimental  data  obtained  in  the  project.) 

With  the  loading  cycle  proposed  here,  a "loading  elevator"  is 
a desirable  accessory.  Elevators  of  this  type  provide  a platform  of 
adjustable  height  from  which  workmen  may  slide  the  panels  ir/co  the  open- 
ings. 


Zt  is  not  recommended  that  press  "stops"  be  used  in  the  bonding 
of  honeycomb  sandwich  panels.  Stops  are  'dually  rectangular  steel  bare, 
which  are  placed  around  the  edges  of  the  panels  to  prevent  crushing  of 
the  composite.  The  results  of  studies  of  the  effects  of  curing  pressure, 
and  of  core  thickness  irregularities,  have  indicated  that  the  cumulative 
effects  of  thickness  tolerances,  warpages,  mechanical  deflections  (includ- 
ing those  in  the  padding  material),  and  thermal  expansions  make  it  nearly 
impossible  to  select  stops  of  appropriate  thickness.  A stop  which  is 
too  thick  prevents  the  panel  from  receiving  adequate  curing  pressure,  and 
one  which  is  too  thin  does  not  prevent  crushing.  It  is  proposed  that  the 
use  of  stops  be  abandoned  in  favor  of  more  fundamental  methods  of  cor- 
rection. These  mathods  include  the  removal  of  thermal  warpages  from  the 
press,  the  use  of  selective  curing  pressures  on  cores  of  various  densities 
( 10  to  100  psi  are  the  recommended  limits),  the  inclusion  of  a cloth 
in  the  adhesive  line,  and  the  use  of  resilient  press-pad  materials.  Other 
sources  of  crushing  problems  which  should  be  considered  are  the  bonding 
of  undersize  panels ,' uneven  or  erratic  closing  of  the  press,  and  excessive 
core  thickness  variation.  All  of  the  factors  mentioned  here  can  be 
controlled. 


An  accurate  temperature  control  system  is  required  in  a press 
which  is  to  be  used  for  adhesive  bonding.  One  or  more  temperature  re- 
corders are  mandatory  accessories. 

The  addition  of  an  automatic  loading  table,  on  which  new  panels 
can  be  laid  up  while  others  are  being  cured, is  a refinement  which  is 
probably  not  Justified  with  the  long  curing  cycles  involved  in  adhesive 
bonding.  Usually,  only  two  openings  can  be  utilized  where  loading  tables 
are  used. 


Many  advantages  and  features  offered  by  competing  press 
manufacturers  have  not  been  discussed  here,  but  should  be  given  due 
consideration  in  ehooaing  a press. 

The  use  of  aluminum  cauls  approximately  1/li-inch-thick  is 
recommended  in  the  curing  of  sandwich.  The  cauls  must  be  larger  than 
the  parts  themselves,  and  should  be  clean  and  free  from  dents,  kinks, 
and  edge-burrs.  The  thickness  of  the  entire  caul  should  be  checked. 

(One  press  manufacturer  reports  that  deflections  in  the  rolling  equip- 
ment sometimes  bring  about  thick  areas  in  the  center  portions  of  aluminum 
plates.)  The  bottom  caul  provides  a convenient  surface  for  laying  up 
the  composite,  and  the  top  caul  is  usefu.*.  for  holding  the  stack  together 
while  it  is  being  moved.  As  the  press  is  opened,  the  presence  of  the 
upper  caul  tende  to  retard  chilling  of  the  top  panel  facing,  thus  reducing 
thermal  warpage  of  the  panel.  The  cauls  also  help  to  nrotect  the  sur- 
faces of  the  hot  plates  from  damage 
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In  the  survey  of  existing  methods  it  was  learned  that  precau- 
tions should  be  observed  in  cooling  the  panels  as  they  are  removed  from 
the  hot  press, to  prevent  permanent  thermal  warpages . Panels  should  be 
withdrawn  as  soon  as  possible  after  opening  the  press  to  prevent  undue 
chilling  of  one  side.  On  removal,  they  should  be  stacked  vertically 
with  air  spaces  between,  to  provide  free  air  circulation.  (Cne  man- 
ufacturer reports  that  if  thick  cauls  are  used,  the  panels  may  be 
safely  cooled  in  stacks,  with  the  cauls  in  place. 

"Unsymmetrical"  flat  panels,  in  which  one  facing  is  thicker 
than  the  other,  may  tend  to  warp  unless  special  measures  are  taken  to 
adjust  the  insulating  effects  of  the  pads  on  either  side. 

Although  some  manufacturers  are  able  to  cure  a number  of  panels 
in  the  same  stack  without  any  separation,  others  report  that  this  prac- 
tice induces  permanent  thermal  warpage. 
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SUMttRY  AND  GENERAL  CONCLUSIONS 


A.  CRITERIA  USED  III  THE  EVALUATION  OF  SANDWICH  HONDS: 

In  the  majority  of  test  work  conducted  in  this  project,  the 
four- inch- drum  peel  teat  and  the  flatwise  tensile  teat  were  used  to  evalu- 
ate changes  in  the  properties  of  sandwich  bonds,  as  material  and  process 
parameters  were  varied.  It  should  be  emphasised  that  these  two  properties 
do  not  entirely  determine  the  suitability  of  the  bond  in  themselves.  In- 
asmuch as  there  la  some  disagreement  in  the  industry  with  regard  to  the 
selection  of  physical  tests  for  qualification,  quality  control,  and  in- 
spection purposes,  some  comments  should  be  made  here  concerning  the  signi- 
ficance of  various  tests. 

1.  Flexural,  or  Plate-Shear  Tests: 

A sandwich  bond  must  generally  be  capable  of  sustaining  the 
same  magnitude  of  shearing  stress  as  is  required  t6  fail  the  honeycomb  core 
material.  The  shear  strength  of  the  bond,  at  the  temperature  In  question. 
Is  Influenced  by  the  choice  of  the  formulation  and  the  conditions  of  fabri- 
cation. 


Shear  teats  on  sandwich  structures  are  limited  in  the  sense 
that  they  do  not  Indicate  the  magnitude  of  the  shearing  strength  In  the  bond, 
when  the  core  material  la  subject  to  failure.  For  this  reason,  flexural 
shear  tests,  applied  for  quality  control  purposes,  can  only  be  depended 
upon  to  indicate  the  level  of  quality  of  the  bond  up  to  the  point  of  core 
failure]  beyond  this  point,  the  magnitude  of  the  bond  strength  remains  un- 
known. It  is  difficult  to  determine  by  visual  inspection  whether  the  bond 
or  the  core  has  failed  first  in  a flexural  shear  test. 

In  the  flexural  shear  test,  the  thickness  of  the  facings  and 
the  core  material  and  the  conditions  of  the  test  influence  the  apparent  mag- 
nitude of  the  core  shear  strength  to  an  extent  which  is  not  predicted  by  the 
simplified  shear  formula.  For  this  reason,  a plate  shear  test  is  considered 
more  definitive]  however  it  is  generally  felt  that  a flexural  shear  test  im- 
poses mere  realistic  conditions  of  loading  and  is  much  easier  to  perform. 

2.  Flatwise  Tensile  Teste: 

The  work  in  this  project  has  indicated  that  there  is  some 
correlation  between  the  shear  strength  in  the  bond  and  the  flatwise  tensile 
strength  in  the  bond,  but  that  a fixed  correlation  exists  only  where  adhesive 
formulation,  test  temperature,  and  (probably)  the  effective  degree  of  cure 
are  held  constant.  Since  flatwise  tensile  tests  can  usually  be  relied  upon 
to  give  an  indication  of  the  level  of  shear  strength  within  the  bond,  under 
conditions  in  which  the  core  material  would  be  subject  to  failure  in  a shear 
test,  tensile  tests  are  desirable  for  quality  control.  It  should  be  noted 
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that  the  flatwise  tensile  strengths  (and  shear  strengths)  developed  in  the 
bond  ere  a function  of  cell  sire,  the  configuration  of  the  bond,  and  the 
fabrication  conditions  used  In  making  the  bort.  It  should  be  further  noted 
that  flatwise  tensile  strengths  In  sandwich  bonds  do  not  vary  In  the  same 
way  as  do  "lap-shear”  strengths,  as  temperature  Is  Increased. 

3.  Peel  Tests : 

The  peel  strength  of  a sandwich  bond  Is  an  Indirect  me  a mure  of 
ability  to  resist  Impact  loading;  the  life  of  the  structure  under  fatigue 
loading;  and  ability  to  restrict  the  propagation  of  local  failures  at 
over-stressed  or  unbonded  areas.  Unless  peel  strengths  are  high,  parts 
may  be  subjected  to  damage  from  careless  handling  ox*  from  subsequent  fin- 
ishing operations.  No  minimum  peel- strength  standards  for  design  or  quali- 
fication have  been  universally  accepted  by  the  airframe  Industry  at  this 
writing.  On  secondary  structures,  a "four- Inch-drum"  pealing  torque  of 
40  Inch- lbs.  on  a three -Inch-wide  specimen  has  been  used  by  several  air- 
frame manufacturers  as  a minimum  acceptable  standard.  Minimum  peel  strengths 
of  60  inch- lbs.  or  more  have  sometimes  been  specified  on  primary  structures. 
Some  primary  sandwich  structures  having  peel  strengths  as  low  as  30  Inch- lbs. 
have  successfully  met  service  requirements,  but  It  Is  possible  that  compara- 
tively low  peel  strengths  such  as  these  are  safe  only  when  the  particular 
adheclvo  formulation  has  compensating  features  such  as  high  flatwise  ten- 
sile strength.  It  should  be  observed  here  that  peal  testing  methods  and 
devices  have  not  been  standardized  throughout  the  Industry,  but  a four -Inch- 
drum  test  Is  the  most,  universally  used  at  this  writing.  The  work  in  this 
project  has  Indicated  that  peel  strength  Is  generally  related  to  the  weight, 
configuration,  and  fabrication  conditions  incorporated  In  the  bond.  Peel 
strengths  may  sometimes  be  In  a critically  low  range  under  extrema  (high 
or  low)  temperature  conditions. 


4.  Edgewise  Compressive  Tests: 

Although  the  strength  of  sandwich  paneln  In  edgewise  compres- 
sion Is  often  an  Important  design  criterion,  tests  on  lab  oratory- size 
specimens  do  not  necessarily  give  a reliable  Indication  of  the  structural 
integrity  of  the  part, or  of  variations  in  quality,  in  production.  In  a 
small,  flat,  accurately  machined,  specimen  containing  no  core  splices, the 
facings  can  usually  be  expected  to  sustain  compressive  stresses  which  are 
In  excess  of  the  yield  strength  of  the  metal.  The  results  are  generally 
Insensitive  to  the  strength  of  the  faclng-to-core  bond,  In  the  normal 
range  of  bond  strengths.  Although  the  Integrity  of  the  structure  may  be 
strongly  Influenced  by  flatness  irregularities,  arising  from  core- thickness 
differences  at  splices,  typical  conditions  of  this  type  cannot  be  conveniently 
reproduced  In  smni.1  specimens . The  criticisms  of  edgewise  compreaaivea  mentioned 
here  do  not  necessarily  apply  to  " tail-column"  compressive  tests* 

5.  Creep  Tests: 

Creep  strength  forms  an  important  criterion  in  the  selection 
of  sandwich  bonds,  particularly  where  service  temperatures  are  high  and  loads 
are  long  in  duration.  It  is  probable  that  the  creep  resistance  of  a given 
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formulation  la  more  critical  In  sandwich  bonds  than  In  continuous-surface 
bonds,  and  that  It  Is  more  directly  affected  by  the  degree  of  cure  given 
to  the  part.  Although  no  creep  tests  were  run  In  this  project,  some  ele- 
vated-temperature tensile  tests  were  run,  and  these  tests  may  give  an  In- 
direct Indication  of  creep  resistance. 

6.  Lap-Shear  Tea tat 

At  this  writing,  military  specifications  baaed  on  lap-shear 
properties  are  still  uaed  as  a criterion  in  the  selection  of  adhesives  for 
honeycomb  sandwich  bonding.  Only  a limited  correlation  exists  between  lap- 
shear  strengths  and  honeycomb  shndwich  shear  strengths,  however,  because 
of  the  basic  differences  between  the  two  types  of  bonds.  The  percentage  of 
room- temperature  shear  strength  retained  in  a sandwich  bond  at  a given 
el  rated  temperature  is  less  than  that  retained  in  a lap-shear  bond  with  at 
least  one  adhesive. 


B.  CONSIDERATIONS  IN  THE  FABRICATION  OF  SANDWICH  PANELS  HA VINO  CONSISTENT 
AND  OPTIMUM  BOND  STRENGTHS! 


Four  basic  stages  in  the  fabrication  of  an  aluminum  honeycomb-  . i 
sandwich  panel  are:  the  selection  of  materials;  the  preparation  of  the  metal 
surfaces  for  adhesion;  the  application  of  the  adhesive;  and  the  bonding 
process  Itself.  A number  of  conclusions,  relating  to  each  of  these  stages, 
are  presented  as  follows: 


1.  Selection  of  Materials: 

In  selecting  a suitable  adhesive  system  for  u given  structure, 
the  most  important  criterion  Is  the  ability  to  develop  the  full  strength  of 
the  core  material  and  facings.  The  formulation  should  preferably  be  avail- 
able in  the  form  of  a fabric -supported  film  as  well  as  a liquid.  The  use 
of  a supported  film  simplifies  the  production  of  the  parts  and  Improves  the 
consistency  of  the  quality  of  the  end  product.  The  presence  of  the  cloth 
reinforcement  upgrades  peel  strength  (particularly  where  "low-modulus" 
formulations  are  used)  and  Imparts  some  resilience  to  the  composite  during 
the  application  of  curing  pressure. 

The  liquid  form  of  the  adhesive  In  question  should  be  in  a range 
of  viscosity  that  makes  it  suitable  for  the  mechanical  roller  coating  of 
core  material.  Its  solid  content  should  be  as  high  as  possible,  within  ihe 
permissible  limits  ol  viscosity.  It  Is  deslrsble  that  solvents  in  the  ad- 
hesive have  an  evaporation  rate  low  enough  to  prevent  appreciable  changes 
in  v'scosity  during  the  coating  operation. 

For  maximum  economy  In  the  utilisation  of  curing  fixtures,  the 
curing  cycle  required  to  develop  optimum  properties  should  be  as  short  as 
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possible.  It  should  be  noted  that  longer  curing  cycles  are  generally  re- 
quired for  sandvlch  bonds  than  are  required  for  continuous -surface  bonds 
made  from  the  same  formulation. 

Since  the  weight  of  adhesive  represents  a significant  percent- 
age of  the  total  weight  of  the  structure,  the  cost  of  adhesive  materials  Is 
a very  important  consideration  In  the  selection  of  a suitable  formulation 
for  sandwich  structures. 

It  Is  very  desirable  that  a honeycomb -sandwich  adhesive  have 
sufficient  flow  at  the  curing  temperature  to  produce  a filleting  action, 
resulting  In  an  efficient  distribution  of  adhesive. 

The  selection  of  materials  for  sandwich  facings  Involves 
structural  considerations  which  were  not  within  the  scope  of  this  project. 

The  primary  criterion  in  the  selection  of  a suitable  honeycomb 
core  material  Is  usually  its  ability  to  sustain  the  shearing  stresses  aris- 
ing from  flexural  loading.  In  some  cases,  a honeycomb  may  be  selected  for 
Its  ability  to  sustain  compressive  loads.  Most  of  the  physical  properties 
developed  by  honeycomb  are  primarily  a function  of  its  density  in  pounds  per 
cubic  foot,  and  are  not  directly  related  to  cell  size.  Cell  size  ia  important, 
however,  in  that  small-cell  cores  develop  higher  bond  strengths  under  given 
adhesive  bonding  conditions  and  tend  to  impart  maximum  local  stabilization 
to  thin-gage  facings  that  are  loaded  in  compression.  Small-cell  cores  in 
the  lowest  density  ranges  have  one  disadvantage,  in  that  the  light  foils 
used  in  their  construction  make  them  susceptible  to  damage  from  handling. 

In  general,  a "vented"  or  "perforated"  core  material  should 
be  used,  to  allow  the  escape  of  released  volatiles  during  thr  cure. 

The  thickness  tolerance  maintained  In  flat  honeycomb  Is  of 
primary  Importance  In  determining  the  consistency  of  bond  quality  over  the 
surfaces  of  the  panels,  particularly  where  several  individual  honeycomb 
and  detail  components  are  Joined  together  in  the  same  composite.  A 
tolerance  of  - 0.005  inches  is  adequate  to  Insure  a reasonable  degree  of 
consistency  throughout  the  panel  where  a supported  film  of  significant 
thickness  is  Incorporated  In  the  bond  and  adequate  pressure  distribution 
is  maintained  in  the  curing  operation. 

The  method  by  which  the  honeycomb  has  been  manufactured  is 
usually  not  a consideration  in  its  application  as  long  as  reasonable  and 
careful  conditions  of  manufacture  have  been  maintained. 

The  degree  of  adhesion  developed  at  the  surface  of  the  core 
material  may  be  downgraded  by  long  storage  (of  the  order  of  one  to  four 
months)  in  an  exposed  condition.  The  material  fhould  be  wrapped  or  en- 
closed during  storage  if  priming  caunot  be  performed  within  a reasonable 
period  of  time. 
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Honeycomb  core  materials  should  not  be  cleaned  unlese  they  are 
known  to  be  contaminated  by  storage  or  by  lubricants  applied  In  machining 
processes.  Aqueous  cleaning  upgrades  the  properties  of  the  core-to-face 
bond  where  the  core  has  become  contaminated,  but  reduces  the  strength  of 
the  node  bonds. 

2.  Preparation  of  the  Facing  Materials  for  Adhesive  Bonding: 

Facings  must  always  be  cleaned,  and  the  cleaning  process 
should  be  In  an  optimum  range  of  control  If  high  bond  strengths  are  to  be 
consistently  maintained,  and  If  the  full  resistance  of  the  bond  to  ex- 
posure effects  are  to  be  developed. 

As  far  as  1b  known,  an  optimum  degree  of  preparation  of  the 
surfaces  of  facings  can  be  attained  only  by  the  use  of  an  acid  treatment, 
subsequent  to  the  removal  cf  nonnetalllc  Impurities  In  a degreasing 
operation.  Hot.  Inhibited  alkaline  cleaning  compounds  give  satisfactory 
degreasing  results  and  do  not  present  critical  control  problems.  The 
best  known  and  leant  critical  acid  treatment  Is  a hot  solution  composed 
of  sodium  dichromate  and  sulfuric  acid.  Sodium  dlehromate  tends  to 
inhibit  the  solution, while  the  sulfuric  acid  accelerates  It.  The  con- 
centrations of  both. chemicals  should  be  maintained  close  to  their  original 
values  by  replenishment. 

Where  this  solution  has  received  extended  use,  the  effective- 
ness of  preparation  of  the  surfaces  for  adhesion  tends  to  become  Inconsis- 
tent and  there  Is  some  danger  that  a scale  deposit  may  form  on  the  surfaces, 
or  that  the  surfaces  may  become  pitted.  Chloride  ion  in  the  solution  is 
not  responsible  for  the  aforementioned  condition,  but  causes  severe  cor- 
rosive attack  of  a different  nature  when  present  In  excess. 

Corroelve  attack  and  the  formation  of  deposits  are  more  likely 
to  occur  on  thin  sheets,  and  are  accentuated  by  high  acid  temperatures  and 
long  Immersion  times.  Although  these  conditions  may  be  avoided  by  the  use 
of  short  acid -Immersion  times  or  lower  acid  temperatures,  the  adheolon  de- 
veloped at  the  surfaces  is  likely  to  be  downgraded  as  a result  of  changes. 
8lnce  it  Is  likely  that  conditions  of  this  typo  may  be  influenced  by  local 
water  Impurities,  It  is  inadvisable  to  recommend  acid -treatment  process 
schedules  without  taking  this  factor  Into  account.  In  some  localities  the 
use  of  distilled  water  in  the  acid  charge  Is  undoubtedly  Justified.  Where 
there  is  no  danger  of  surface  attack,  an  Immersion  time  of  ten  minutes  In 
conjunction  with  acid  temperatures  ranging  from  IU50F  to  l60°F  can  be  ex- 
pected to  develop  optimum  adhesion.  It  should  be  noted  that  shorter  Im- 
mersion times  may  sometimes  have  to  be  employed  on  sheet  thicknesses  of  the 
order  of 0.012  Inches,  to  prevent  scaling  or  corrosive  ettack. 

The  acid  solution  r 'comnended  here  would  be  suitable  for  use 
in  a continuous -coil  processing  unit.  The  nominal  temperature  of  the  solu- 
tion would  be  maintained  at  l6o°F,  to  allow  relatively  short  Immersion  times 
to  be  used.  Immersion  time  would  be  Inversely  proportional  to  web  speed, 
which  would  be  varied  selectively  according  to  thickness  and  alloy. 
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A warm  rinse  (l40°F  max.)  should  preferably  be  used  after  the 
alkaline  treatment.  The  rinse  after  the  acid  treatment  may  be  warm  (140° 
max.)  or  cold.  A cold  rinse  develops  slightly  higher  adhesion,  but  warm 
rinses  are  advantageous  In  that  they  reduce  subsequent  drying  time. 


Cleaned  facings  may  be  stored  as  long  as  a week  before  priming 
without  endangering  bond  strength,  if  they  are  not  exposed  to  adverse  con- 
taminating conditions.  It  is  advisable  to  prime  as  soon  as  possible  after 
cleaning,  however. 

3.  Application  of  the  Adhesive: 

A prime  coat  of  adhesive  should  be  applied  to  the  facings  to 
protect  the  cleaned  surface,  to  promote  adhesion,  and  (probably)  to  develop 
maximum  resistance  In  the  bond  to  deterioration  from  exposure.  The  weight 
of  the  face  prime  Is  not  critical  so  far  as  bond  strength  is  concerned. 

The  use  of  a dye  in  the  prime  solution  provides  a satisfactory  means  for 
determining  If  coverage  Is  complete.  The  degree  of  ; procure  given  to  the 
prime  le  aleo  not  critical,  but  the  durability  of  the  coating  prior  to  panel 
layup  le  enhanced  by  extended  precures. 

The  best-known  production  method  for  applying  primes  to  indi- 
vidual sheets  Is  spraying.  Where  the  facings  are  processed  In  the  coll 
form,  roller  coating  may  be  need. 

Both  the  valght  and  the  depth  of  the  core  prime  Influence 
the  level  of  strength  developed  In  the  bond.  Primes  should  be  applied  to 
the  core  material  at  a shallow  depth  (0.025  Inches,  approximately).  A 
light  prime  coat  of  unspecified  weight,  applied  In  one  pass  through  a 
roller  coater,  and  used  in  conjunction  with  a moderately  heavy  tape, 
would  represent  the  best  compromise  between  production  economy  and  struct- 
ural Integrity,  when  It  is  not  necessary  to  develop  maximum  bond  strengths. 

A viscous,  resinous  adhesive  can  beet  be  applied  toflat  honey- 
comb as  a light  prime  by  power  roller -coo ting.  A blade  metering  system  la 
far  superior  to  a roll  metering  syntem  for  this  purpose. 

In  order  to  avoid  the  necessity  of  handling  the  primed,  undr led 
slices  of  core  material,  It  la  desirable  that  a continuous -oven  drying  system 
be  used  in  conjunction  with  the  coater. 

For  reasons  described  elsewhere  in  this  section,  It  la  highly 
deeirr.'  Te  that  a fabric  reinforcement  be  Incorporated  In  the  bond,  preferably 
through  the  use  of  a "supported"  film  bo  that  the  major  part  of  the  adhesive 
in  the  bond  can  be  applied  in  a predetermined,  consistent  amount. 


4.  Curing: 


A multiple-opening,  "hot-plate"  press  la  the  most  desirable 
tool  for  the  production  bonding  of  flat  sandwich  parts.  Some  of  these  presses 
display  a lack  of  parallelism  in  the  openings  due  to  temperature  gradients 
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In  their  rigid  structural  components.  Moat  non-parallel  presses  can  be 
restored  to  acceptable  accuracy  by  certain  modifications.  Where  the  pre- 
cision requirements  are  known  In  advance,  a high  degree  of  parallelism 
can  be  supplied  In  new  equl potent. 

The  effects  of  thickness  Irregularities  In  the  composite, 
and  df  nonpars lie 1 Ism  In  the  curing  fixture,  can  be  partially  relieved  by  the 
use  of  resilient  padding  materials. 

Selective  curing  pressures  ranging  from  10  to  100  psl  should 
be  used  on  cores  of  various  densities  to  develop  optimum  bond  strengths 
without  danger  of  crushing.  The  use  of  "stops"  to  prevent  local  crushing 
of  the  core  does  not  appear  to  be  Justified,  and  may  bring  about  a condition 
In  which  the  bond  receives  no  curing  pressure  at  all.  The  weight  of  the 
"floating"  components  of  a multiple-opening  press  Imparts  a significant 
additional  Increment  of  pressure  on  the  panels  In  the  lower  openings. 

The  use  of  a short  "preheat"  period  at  contact  pressure  is 
probably  Justified  on  large,  flat  sandwich  panels.  Some  adhesives  having 
rapid  hardening  characteristics  may  be  downgraded  In  strength  by  preheat- 

in®. 


The  curing  tines,  temperatures,  and  pressures  recommended 
on  continuous-surface  bonds  are  not  necessarily  optimum  for  sandwich 
bonding.  In  general,  pressures  should  be  lower,  while  curing  times  and/or 
temperatures  should  be  increased,  on  honeycomb  sandvlch  parts. 


C.  APPLICATION  OF  MECHANIZED  TECHNIQUES  IN  THE  MANUFACTURE  OF  SANDWICH? 

Survey  and  experimental  results  have  Indicated  that  It  Is  un- 
doubtedly feasible  and  highly  desirable  to  clean  and  prime  aluminum  facings 
In  the  coll  form.  A processing  line  for  this  purpose  would  be  patterned 
after  existing  pre-coating  lines,  and  would  cost  approximately  $175,000.00. 
Facings  could  be  processed  In  a line  of  this  type  at  rates  of  the  order  of 
16,000  square  feet  per  shift,  at  a cost  of  2 to  4 cents  per  square  foot. 
Including  adhesive  costs.  This  cost  would  be  approximately  one-third  of 
the  cost  of  most  existing  methods. 

An  additional  saving  of  approximately  2-1/2  cents  per  square 
foot,  not  Included  In  the  above  processing  costs,  would  be  realised  through 
the  purchase  of  facing  material  In  the  colled  form  rather  then  In  the  form 
of  flat  sheet.  This  saving  could  be  realised  whether  the  material  Is  event- 
ually processed  In  the  cut  sheet  form  or  the  coll  form. 

None  of  these  cost  savings  can  presently  be  realized,  since 
48-lnch-vtde,  heat-treated,  colled  aluminum  sheet  in  the  thinner  gages  Is 
not  as  yet  available.  It  la  expected  that  this  type  of  material  will  be- 
come available  within  two  to  four  years  (1956  - 1956). 


AF  33(600) -23626 


199 


Ill  - Continued 


In  addition  to  offering  direct  and  Indirect  savings  In  costs , 
processing  In  the  coll  form  vould  permit  facings  to  be  produced  in  sub- 
stantial lots.  The  quality  of  the  aluminum  surfaces  and  of  the  prime 
coating  could  be  consistently  and  easily  maintained,  because  of  the  re- 
moval of  hand  variables  from  the  operations. 

An  Interim  method  In  the  meclianlzatlon  of  cleaning  and 
priming  methods  would  be  the  processing  of  individual  sheets  In  a manually- 
controlled,  continuous -mono rail  cleaning  system,  followed  by  spray  priming 
and  continuous  drying  on  a moving  conveyor.  This  system  vould  not  offer 
complete  freedom  from  the  effects  of  hand  variables,  but  would  prepare 
facings  at  substantially  higher  speeds  and  lower  costs  than  would  existing 
batch  methods. 


The  proposed  system  for  priming  large  quantities  of  flat 
slices  of  honeycomb  In  a system  combining  a modified  roller  coster  and 
continuous  drying  oven  has  already  been  mentioned.  It  is  estimated  that 
a system  of  this  type  vould  permit  the  cost  of  core  priming  to  be  re- 
duced by  approximately  five  cents  per  square  foot.  This  estimate  Includes 
a saving  In  material  cost,  brought  about  by  more  efficient  location  of 
adhesive  on  the  honeycomb. 

Where  large  panels  are  produced  in  quantity,  layup  should 
be  performed  on  some  type  of  conveyor  system.  The  cauls  used  in  the 
pressing  operation  could  be  utilized  as  platforms  to  support  the  parts  on 
such  a conveyor. 

The  proposed  mechanization  techniques  are  described  in  more 
detail  In  appendices  to  this  report,  containing  proposed  high-production 
plant  layouts  and  tentative  specifications  and  drawings  for  the  proposed 
core-priming  and  drying  line  and  the  continuous -coll  processing  line. 

Estimates  have  indicated  that  total  sawings  of  the  order  of  25  to 
UO  cents  per  square  foot  of  optimum  quality  sandwich  can  be  realized  by  utiliz- 
ing advanced  mechanizod  equipment  in  conjunction  with  high  production  rates. 
These  total  savings  include  individual  savings  of  as  much  as  ten  cents  per 
square  foot  in  the  cleaning  and  priming  of  each  facing  and  five  cents  per 
square  foot  in  the  priming  and  drying  of  the  oore  material.  Other  savings 
included  in  the  total  are  those  brought  about  by  lower  inspection  costs,  more 
efficient  utilization  of  curing  fixtures,  lowered  rejection  rates,  and  the  lay- 
up of  panels  on  a conveyor  system.  The  reduced  coets  estimated  here  are  based 
on  the  assumptions  that  optimum  process  conditions  (curing  times,  acid-immer- 
sion timej,  etc.)  are  upheld,  and  that  the  production  rate  would  be  of  the 
order  of  5,000  square  feet  of  sandwich  per  shift.  The  majority  of  individual 
cost  savings  could  not  be  realized  unless  high  production  rates  justified  the 
procurement  of  the  specialized  equipment.  The  procurement  of  the  equipment 
would  be  technically  Justified,  however,  on  the  basis  of  the  improved  quality 
level  of  the  end  item,  even  if  a low  utilization  rate  prevented  significant 
cost  savings  from  being  realized. 
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P.  MAINTENANCE  OF  THE  CONSISTENCY  OF  QUALITY  OF  FLAT  SANDWICH  STRUCTURES. 


It  appears  that  some  of  the  effort  which  is  normally  expended 
In  the  continuous,  destructive  inspection  of  flat  sandwich  parts  can  he  more 
gainfully  used  in  the  maintenance  and  control  of  fabrication  conditions. 
Where  flat  sandwich  panels  are  produced  at  high  production  rates,  It  la 
mandatory  that  the  need  for  Inspection  and  testing  of  finished  panels  be 
minimized  to  avoid  the  production  of  numerous  reject  panels  before  process 
and  material  variations  can  be  detected.  The  dependence  upon  final  in- 
spection can  be  reduced  by  the  application  of  advanced  production  methods 
and  adequate  material  and  process  control.  Correlations  of  material  and 
process  variables  with  defects  In  finished  panels,  of  the  typo  determined 
In  this  project,  are  required  to  establish  practical  control  conditions. 


The  application  of  mechanization  and  high-production  techniques 
simplifies  the  maintenance  of  the  quality  of  sandwich  parts  by  transferring 
the  control  of  process  variables  from  the  workmen  to  automatic  devices.  J 

It  can  easily  be  seen,  for  example,  that  the  Inspection  of  cleaned  and 
primed  facings  from  a coil-processing  line  can  be  based  upon  peel-test 
results  from  only  a few  specimens,  removed  from  the  ends  of  each  finished 
coil.  The  level  of  quality  exhibited  by  these  specimens  g-»ves  a reliable 
Indication  of  the  quality  of  the  entire  coll,  whereas  specimens  would  have 
to  be  removed  from  each  rack-load  of  sheets  in  a batch  cleaning  process 
to  give  a comparable  degree  of  assurance  that  quality  was  being  upheld. 


There  has  been  no  indication  in  the  work  in  this  project 
that  the  Inspection  and  testing  of  raw  materials  used  In  the  panels 
should  be  curtailed. 


Four  major  production  factors  which  affect,  the  quality  of 
the  bonds  in  finished  sancwlch  pn.ts  are:  preparation  of  the  facings; 
weight  and  configuration  of  the  bond;  curing  cycle;  and  curing- pressure 
distribution.  Since  a number  of  these  factors  affect  the  consistency  over 
the  entire  panel  surfaces  as  well  as  from  panel  to  panel,  destructive  tests 
from  local  areas  do  not  necessarily  rsveal  all  the  defects.  The  use  of  a 
practical  non-destructive  test  which  could  be  applied  over  the  entire  sur- 
face of  each  panel  would  be  of  great  benefit  as  a final  check  on  production 
quality. 


It  Is  propo  ed  that  adhesion  conditions  at  the  facings  be 
controlled  at  the  cleaning  process,  not  upon  completion  of  the  production 
panels.  Peel  tests  run  on  special  heavily  bonded-  sandwich  specimens  in 
conjunction  with  periodic  chemical  analysis  can  be  used  to  isolate  and 
quantltively  describe  the  adhesion  conditions  at  the  adhesive-to-faclng 
plane . 


Since  a multiple-opening  steam-heated  or  oil-heated  press  gives 
dependable  temperature  control,  and  since  continuous  automatic  "temperature - 
vs. -time"  records  can  be  made  as  the  panels  are  bonded,  only  periodic  physical 
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tests  are  required  to  check  degree  of  cure  on  high-production  flat  panels, 
once  the  control  limits  of  the  cycle  are  established. 

Adhesive-weight  conditions  in  the  tape  influence  the  bond 
strength  but  can  be  ascertained  before  the  tape  la  used.  The  weight  of  a 
light  core  prime  ia  not  easily  determined,  but  the  improved  control  which 
la  available  from  the  proposed  core-priming  unit,  in  combination  with  the 
additions  of  dye  to  the  stock,  would  allow  inspection  to  be  on  a visual 
basis  in  the  majority  of  cases.  To  this  end,  it  is  desirable  that  panels 
be  designed  to  require  only  one  roller-coating  pass  on  the  core  material, 
wherever  structural  necessity  does  not  dictate  that  maximum  bond  strengths 
be  obtained. 

The  work  in  this  project  indicated  that  one  of  the  moat 
important  tools  for  isolating  the  cause  of  low  strength  results  was  the 
analysis  of  the  "type  of  failure".  Although  low  peel  strengths  often 
suggest  to  the  manufacturer  that  the  cleaning  process  may  be  out  of 
control,  there  is  no  basis  for  a conclusion  of  this  type  unions  an 
unusually  high  percentage  of  the  peel  failure  has  taken  place  in  adhesion 
at  the  facing.  It  is  regrettable  to  note  that  records  of  the  type  or 
location  of  failure  are  not  always  maintained  in  laboratory  end  quality- 
control  work  involving  the  deatructlve  evaluation  of  adhesive -bonded 
assemblies. 

There  is  no  doubt-  that  some  amount  of  destructive  physical 
testing  must  be  conducted  "after  the  fact"  to  maintain  control  over  the 
entire  process.  Valuable  data  can  often  be  obtained  from  Integral  test 
coupons  when  these  are  available  from  panel  cutouts  or  other  representative 
trim  areas.  The  tabulation  on  the  following  page  shows  some  of  the  cor- 
relations between  types  of  defects  and  process  variables  which  have  been 
observed  in  the  project. 
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Correlations  Between  Defects  and  Process  Conditions: 


Change  in  Process  Condition 
Causing  Defect: 


X Mean  curing  pressure 
x Aold  temperature 


x Sulfuric  acid 
concentration 

x Acid  immersion  time 

Dichromate 

concentration 

x Curing  temperature 

x Curing  time 

x Effectiveness  of 
alkaline  cleaner 


Defect  Manifested  In: 


p Variable:  £ fc 

x x Core  or  insert  x x 

thickness 

x Press  flatness  x x 

x Core -prime  weight  x x 

x Tape  weight  x x 

x Age  of  acid 

solution 

x Core  cleanliness  x x 

x Mean  curing  pressure 


Conditions  Under  Which 
Prooess  Variable  Is 
Critical: 

Several  pieces  used 
in  e»im  panel 


x - All  cases 

- - Tape  weight  low 

- - Core -prime  weight  low 

- - High  acid  temporature» 

light  gages,  long  time 

- - Light  bond,  large  cell 

x - Light  cores 


Heavy  cores 


* * x - 


- - Acid  content  low  or 

dichromate  high 

- - Low  acid  temperature, 

high  dichromate  oonc. 

- - Low  acid  temperature 

- - Low  add  temperature 


- x Short  curing  time 

- x Low  temperature 


- (x)  x - - All  oases 


-»  Probably  depends  on  adhesive 

**  Parentheses  indicate  that  condition  is  probable  only;  not  baaed  directly 
on  results  from  project. 
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CONTROL  FABRICATION  METHODS  AND  MATERIALS  USED  ON  TEST  PANELS 


a)  General: 

In  order  to  condense  this  report,  the  control  procedures  used 
in  fabricating  all  test  panels  are  dlsoussed  in  this  appendix.  Deviations 
from  the  control  procedures,  where  they  are  thought  to  be  significant, 
are  detailed  In  the  presentations  of  individual  evaluations. 

Although  the  control  fabrication  methods  established  early  In 
the  contract  were  thought  to  be  near  optimum,  later  evaluations  proved 
that  some  were  not.  Is  many  cases,  control  methods  were  revised  after 
individual  evaluations  haul  indicated  that  the  conditions  were  in  a 
critical  range. 

A dose  control  over  all  parameters  was  sought  in  the  fabri- 
cation of  each  panel,  but  human  errors  and  equipment  failures  sometimes 
occurred.  Where  any  doubt  as  to  correct  fabrication  technique  existed, 
individual  panels  or  groups  of  panels  were  rejected  from  the  results. 

Where  the  inconsistency  appeared  to  be  the  result  of  a variation  in  an 
overly  critical  parameter,  the  parameter  was  studied  as  an  independent 
variable . 


b)  Materials! 

(1)  Facings: 

Facings  used  in  this  project  were  purchased  as  full-sized 
sheets  and  were  cut  to  nominal  size  by  an  outside  source.  The  control 
facings  (alalad  24S-T3,  0.016  inches  thick)  were  purchased  in  several 
lots  from  tbs  same  manufacturer,  but  may  have  represented  several  mill 
runs.  Aluminum  sheet  in  other  gages  and  alloys  varied  as  to  manufacturer. 

In  shearing  the  facings  and  incorporating  them  into  panels, 
the  orientation  of  the  "rolling  direction"  was  not  noted.  A check  per- 
formed at  the  close  of  the  project  revealed  that  the  rolling  marks  on 
almost  all  facings  were  oriented  in  the  "peeling"  direction. 

(2)  Core: 

The  control  core  material  was  of  the  "expanded"  type,  cut 
0.625  inches  thick,  with  vent-holes  in  the  cell  walls.  Cores  were 
ordered  in  a number  of  lots  over  a period  of  a year.  Storage  pre- 
cautions and  the  duration  of  storage  were  not  entirely  consistent. 

The  majority  of  core  slices  were  cut  to  size,  weighed, and  wrapped  in 
kraft  paper  for  storage,  as  soon  as  received. 


S ‘ 


I 


J 


I 


AF  33(600) -23626 


211 


Appendix  I,  Continued 


At  the  outset  of  the  project,  a control  denoity  of  the  order  of 
4 to  5 lbs.  per  cubic  foot  vas  arbitrarily  selected.  It  vas  soon  dis- 
covered that  this  density  vas  too  low  to  resist  the  flatwise  tensile  loads 
(and  in  some  cases,  the  peeling  loads)  which  were  encountered  in  sane  of 
the  heavier  bonds.  A control  density  of  the  order  of  6 lbs.  proved  to  be 
generally  adequate,  but  would  not  sustain  the  high  tensile  loads  required 
to  fall  heavy  adhesive  bonds  on  l/8-inch -cell -size  cores.  A nominal 
density  of  8 lbs.  per  cubic  foot  had  to  be  used  in  these  cases.  This 
density  was  also  vised  in  the  majority  of  the  multiple -tape  panels,  which 
were  designed  to  fail  at  the  adhesive -to-facing  plane. 

Although  the  densities  of  individual  pieces  of  honeycomb  core 
were  recorded,  this  Information  has  not  generally  been  presented  with  the 
results,  or  used  in  interpreting  them.  Density  is  primarily  a function 
of  the  true  cell  sire  (or  "cell  count" ) and  of  the  aluminum  foil  thick- 
ness. It  is  doubtful  that  foil  gage  has  a large  effect  on  bond  strength, 
but  cell  sire  has  been  found  to  have  a striking  effect.  Since  minor  vari- 
ations in  cell  sire  were  not  recorded,  and  since  density  Itself  does  not 
necessarily  give  an  indication  of  ceil  size,  bond  strength  results  could 
not  be  corrected  for  physical  variations  in  core  material.  It  is  prob- 
able that  the  over-all  dispersion  of  bond  strength  readings  in  the  proj- 
ect would  have  been  reduced  had  actual  cell  size  been  taken  into  account. 

The  following  is  a tabulation  of  the  aluminum  cores  used  in 
the  project  (all  cores  were  of  the  "perforated"  or  "vented"  type): 


IDENTIFICATION 

DENSITY 

1/8-.OQ15 

6.1  lbe/cublc  foot 

1/8-.002 

8.1  lbe/cublc  foot 

3/16-. 002 

5.7  lbe/cublc  foot 

1/4-.003 

6.0  lbs/cublc  foot 

3/8-. 004 

$.4  lbs/cublc  foot 

(3)  Adhesive: 

The  adhesive  used  as  a test  vehicle  in  all  feclng-to-eore 
bonds  was  "FM-47".  Relatively  small  lots  of  liquid  adhesive  thinner 
and  supported  film  were  purchased  from  time  to  time  from  two  different 
sources.  No  attempt  was  made  to  determine  if  individual  quantities  of 
liquid  adhesive  were  chemically  consistent,  but  all  rolls  of  supported 
film  were  cut  up  and  weighed.  Wrinkled  areas,  or  areas  which  showed 
large  weight  gradients  locally,  were  set  aside  and  used  in  concritical 
location,  or  else  scrapped.  The  selection  of  an  adequate  number  of  uni- 
form and  consistent  tapes  of  the  same  unit  weight  for  each  evaluation 
proved  to  be  a major  problem.  For  practical  reasons,  it  vas  necessary  to 
assume  all  batches  to  be  chemically  consistent,  end  to  piece  emphasis  on 
weight  consistency.  There  vas  no  evidence  in  the  work  to  Indicate  that 
the  liquid  or  the  film,  from  either  source,  was  chemically  inconsistent. 
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The  following  unit  veighta  applied  to  tapes  used  in  the  proj- 
ect. (Actual  variations  have  been  estimated  from  weight  records.): 


Designation 

Nominal 

Actual 

1 

) 

"extra  light" 
(special  run) 

0.03  lbs./sq.  ft. 

0.024  -+  0.002 

) 

i 

\ 

"medium" 

0.05  lbs./sq.  ft. 

One  + 0.01 

°*°5  - 0.007 

i 

j 

"heavy" 

0.07  lbs./sq.  ft. 

0.07  + 0*015 
- 0.01 

1 

"extra  heavy" 

CW)?9  lbs.  /sq.ft. 

ao7?  ± o.oo4 

"Four  paee" 
(special  run) 

0.086  lbs./sq.  ft. 

0.086  i 0.003 

"Five  pass" 
(special  run) 

0.096  lbs./sq.  ft. 

0.098*  0.004 

Other  adhesives  encountered  In  the  project  are  discussed  Indi- 
vidually In  the  text  of  the  report. 

c)  Panel  size: 

The  majority  of  the  earlier  panels  were  nominally  ten  Inches 
by  eighteen  Inches  In  size.  This  size  was  chosen  because  It  was  be- 
lieved necessary  to  obtain  four  three-inch -wide  peel  specimens  and  four 
flatwise  tensile  coupons  (one  Inch  square)  from  each  panel.  Later,  It 
became  apparent  that  two  peel  specimens  were  adequate,  but  that  the 
number  of  tensile  coupons  should  be  increased  to  six  or  eight.  These 
requirements  allowed  the  panel  size  to  be  reduced  to  nine  inches  by  nine 
inches.  No  densifled  areas.  Inserts,  or  edgings  were  Incorporated  in 
any  of  the  panels,  and  none  of  the  panels  exceeded  10  inches  by  18 
Inches  In  size. 

d)  Panel  Identification: 

A "panel  history"  sheet  was  prepared  with  each  panel  fabricated. 
This  fora  contained  space  for  the  recording  of  all  material  variables, 
pertinent  weights,  special  process  techniques,  and  test  results.  The 
autographic  peel  records  were  clipped  to  the  back  of  the  "history"  sheet 
and  the  completed  histories  were  filed  by  consecutive  serial  numbers, 
which  were  given  to  the  panels  chronologically  as  they  were  bonded. 

e)  Weighing: 

A careful  accounting  of  all  Individual  and  cumulative  adhesive 
weight*  was  maintained  on  most  panels.  Core-prime  weights  were  measured 
by  weighing  the  core  slices  before  and  after  tbey  were  primed  and  dried. 
(The  "unit  weight"  used  here  was  the  total  weight  of  applied  adhesive  on 
both  sides,  divided  by  the  area  of  one  side.)  "Force-dried"  unit 
weights  of  adhesive  wore  recorded  on  primed  facings.  The  unit  weight 
of  oaoh  piece  of  supported  film  used  in  the  project  was  recorded.  Where 
the  unit  weights  of  two  tapes  in  the  same  panel  were  significantly  dif- 
ferent, peel  tests  were  run  on  the  light  side  only,  and  the  total  cured- 
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adhesive  weight  of  the  panel  was  corrected  to  a value  which  assumed  both 
tapes  to  be  light.  "Total  cured  adhesive  weight"  wan  determined  by 
weighing  the  panel  components  before  and  after  cure,  and  subtracting  this 
difference  from  the  total  weight  of  the  uncured  adhesive  components.  Since 
this  procedure  consistently  gave  a ratio  of  "cured"  to  "uncured"  adhesive 
weights  of  about  O.85,  the  uneured  weight  was  often  multiplied  by  this 
factor  in  lieu  of  subtracting  the  weight  lost  in  curing. 

f ) Core  Priming : 

Although  a few  special  cores  were  primed  by  hand  methods 
(roller,  brush,  or  edge  dip),  the  majority  of  cores  were  primed  to  a 
given  number  of  passes  in  a roller  coating  machine . Cores  primed  early 
in  the  project  were  processed  in  a 1/4-H.P.  "light-duty"  veneer  coater 
(bottom  coating  only  from  rubber-covered  applicator  roll,  doctored  by  a 
steel  roll;  both  rolls  in  an  underslung  pan  reservoir).  A schematic  of 
this  coater  is  shown  in  Table  27  at  the  end  of  Section  II,  Part  A. 

Figure  75  at  the  end  of  this  appendix  shows  this  coater  in  operation. 

Later  in  the  project,  "control"  cores  were  primed  in  a small, 
hand-driven  coater  having  the  sen?  general  roll  configuration  an  the 
power  machine.  Photographs  (Figures  51  and  52)  of  this  machine  are 
contained  in  Part  B of  8sctlon  II,  in  the  description  of  skin  priming 
evaluations . 

A control  doctor  setting  of  0.030  inches  was  maintained  on 
all  core  coating  rune  in  which  prime  depth  was  not  an  independent  var- 
iable. This  setting  gave  a depth  of  penetration  which  varied  locally 
from  approximately  0.010  inches  to  0.035  inches  when  the  power-driven 
coater  was  used.  Late  in  the  project  it  was  determined  that  the  hand- 
operated  machine  had  given  a lower  range  of  core-prime  depths  than  the 
power-driven  machine,  at  the  same  (0. 030-inch)  doctor-gap  setting.  This 
condition  was  found  to  result  from  the  fact  that  the  doctor  roll  on  the 
smaller  machine  was  not  immersed  in  the  reservoir.  Although  every  at- 
tempt was  made  to  keep  the  depth  of  prime  consistent,  actual  depths  were 
very  difficult  to  measure,  and  the  consistency  of  the  peel  and  tensile 
results  were  undoubtedly  influenced  to  acme  extent  by  variations  in  core  - 
prime  depth. 

In  priming  individual  slices,  one  side  was  first  given  a 
definite  number  of  successive  passes,  with  no  significant  interval  be- 
tween each  pass.  The  slice  was  then  air  dried  for  about  15  minutes,  and 
the  same  number  of  passes  was  applied  to  the  other  side.  The  consist- 
ency of  the  prime  coats  obtainable  from  either  machine  was  relatively 
poor,  for  experimental  control  purposes.  The  use  of  the  improved 
"doctor-blade”  metering  system  would  have  brought  about  a substantial 
improvement  in  control,  but  this  development  was  not  completed  until  the 
majority  of  the  cores  for  use  in  the  test  panelB  had  already  been  primed. 
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g)  Cleaning  of  Facings: 

The  control  methods  used  in  preparing  facings,  where  the  pre- 
paration itself  was  not  an  independent  variable,  changed  several  times 
in  the  course  of  the  contract.  Originally,  the  following  schedule  applied 
to  faoings: 

(1)  Ten  minutes'  immersion  in  inhibited  alkaline  cleaner 
("OAKITE  »6l»",  U ot. /gal.)  at  100°  a 5°F. 

(2)  Hot  spray  rinse  for  three  minutes. 

(3)  Five  minutes'  immersion  in  a hot  (liiO°  * 6°F)  air- 
agitated  solution  of  the  following  components: 

1 part  sodium  dichromate 
10  parts  concentrated  sulfuric  acid 
30  parts  water. 

(1»)  Hot  spray  rinse  for  three  minutes. 

(5)  Force  drying  in  warm  air  (fan- type  electric  heater) 
for  ten  to  thirty  minutes. 

(6)  Removal  from  racks  and  wrapping  in  kraft  paper  until 
priming  operation  (max.  two  hours'  storage). 

Later  work  indicated  that  five  minutes'  immersion  in  the  acid, 
at  l40°F,  was  a relatively  critical  process  condition,  in  which  peel  strength 
of  panels  having  heavy  adhesive  lines  was  sometimes  sensitive  to  variations 
in  time  and  temperature.  In  most  of  the  evaluations  of  individual  vari- 
ables, feuslng  cleanliness  was  not  a critical  factor,  as  evidenced  by 
the  absenoe  of  failures  in  the  interface  between  the  adhesive  ahd  the 
facing.  Where  either  deterioration  of  the  cleaning  solutions  or  sensi- 
tivity of  the  control  process  conditions  appeared  to  have  been  capable 
of  influencing  the  results  of  any  Individual  evaluation,  the  results 
sure  noted  with  this  Information. 

Several  intentional  changes  were  made  in  the  control  clean- 
ing cycle  during  the  course  of  the  project.  The  alkaline  cleaning 
concentration  was  raised  to  6 ounces  per  gallon.  Inter,  the  type  of  in- 
hibited cleaner  was  changed  from  "OAKITE  '6l'"  to  "OAKITE  '6l-A’". 

There  was  no  evidence  of  a change  in  physical  properties  as  a function 
of  alkaline  cleaning.  The  durations  of  the  rinsing  times  were  lowered 
and  a cold  rinse  was  substituted  for  a hot  rinse,  after  the  acid  treat- 
ment. An  improved  thermostat  was  added  at  the  acid  tank, bringing  the 
temperature  variation  down  to  - U°F . About  midway  through  the  project, 
the  procedure  was  amended  so  that  only  the  unlettered  sides  of  the  sheets 
were  primed  in  every  case.  After  the  effects  of  acid-cleaning  variables 
became  established,  all  control  facings  were  cold-rinsed  for  thirty  seconds 
in  a water  spray  at  room  temperature,  lather  than  being  rinsed  for  three 
minutes  in  a hot  spray.  Some  lots  of  control  facings,  processed  at  the 
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end  of  the  contract,  were  acid-cleaned  at  l60cF  for  3 or  3i-  minutes, 
or  at  l40°F  for  8 minutes.  Since  these  cycles  were  known  to  be  de- 
pendable, these  lots  were  designated  "best  cleaning"  or  "optimum  clean- 
ing" in  the  descriptions  of  the  contiol  conditions. 

h)  Priming  of  Facings: 

All  control  facings  were  primed  with  a dilute  solution  of 
"FM-47"  (one  part  of  liquid  at  20  pet.  solids  in  one  port  of  "FM-47 
Thinner"  approximately).  Two  major  changes  in  priming  conditions  were 
made  in  the  course  of  the  contract.  Hi  the  first,  "OIL-RED  ’O'" 

(National  Aniline),  a red  dye,  was  added  to  the  priming  solution  to 
allow  easier  visual  inspection.  A comparison  of  "dyed"  ys  . "undyed" 
skin  primes  (see  Part  I)  indicated  that  the  dye  had  no  apparent  dele- 
terious effect  on  bond  strength. 

In  the  second  change,  the  brush-priming  technique  was  modified 
to  give  a smoother  coating  and  to  prevent  water- vapor  absorption.  Before 
the  change,  each  facing  had  been  brushed  fairly  rapidly  while  at  room 
temperature.  The  coating  was  then  force-dried  with  a hot-air  gun  with 
a nozzle  temperature  of  approximately  400°F.  This  method  tended  to  pro- 
duce a very  uneven  coating,  which  did  not  become  obvious  until  after  the 
dye  came  into  use.  It  was  believed  that  the  adhesive  coating  might  have 
been  susceptible  to  water  vapor  absorption  because  of  the  chilling  ef- 
fect of  solvent  evaporation  in  the  former  method.  In  the  revised  method, 
the  bare  facing  was  wanned  gradually  with  the  hot-air  gun,  and  then  the 
prime  was  brushed  on  with  slow  even  strokes.  Force-drying  with  the  gun 
was  then  performed  &a  before.  The  resulting  coating  was  very  consistent 
and  appeared  to  exhibit  less  tendency  to  "blush"  from  the  absorption  of 
water.  The  two  methods  were  compared  during  the  exploratory  cleaning- 
variable  evaluations,  and  no  noticeable  difference  in  peel  strength  was 
observed.  There  appeared  to  be  much  less  local  "scatter"  in  the  auto- 
graphic pool  records,  however,  after  the  improvement  in  coating  consis- 
tency was  made. 

The  use  of  a brushing  technique  in  not  recommended  in  preference 
to  spraying  for  the  priming  of  facings  in  production . 

l)  Bonding: 

All  pemels  were  cured  in  hot-plate  presses.  All  of  the  10 - 
by-l8-lnch  panels  w re  bonded  in  a specially  made  press  having  12-lnch- 
by-20-inch  electrically  heated  plates  (See  Figure  76,  at  the  end  of  this 
section).  Smaller  panels  were  made  in  a 9-ineh-by-9-inch  commercial  lab- 
oratory press . The  latter  press  was  considered  somewhat  superior  in  flat- 
ness, durability ,and  temperature  control  accuracy.  In  the  last  Half  of 
the  project  the  smaller  press  was  used  exclusively. 
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Panel*  were  bonded  with  sheet*  of  aluminum  foil  and  blotter 
stock  on  each  side  to  give  eone  degree  of  padding.  The  blotters  were 
discarded  after  two  or  three  bonding  cycles.  It  is  doubtful  that  un 
controlled  flatness  errors  in  the  platens,  or  thickness  errors  in  the 
honeycomb,  had  a significant  effect  on  bond  strength  in  the  relatively 
snail  panels  made  in  the  project. 

All  control  "FM-47"  panels  war*  cured  according  to  the 
following  schedule: 

"Five  minutes  preheat  at  contact  pressure  (2  to  4 
psi  approximately)  at  6°F,  followed  by  55  to  60 

minutes  at  30  to  35  pal.  (Ho  release  of  pressure 
between  preheat  and  cure . )" 

This  cycle  is  longer  In  duration  and  higher  la  temperature  than  that 
reco— waded  by  the  manufacturers  of  "FM-47".  It  had.  been  used  as  a 
control  cycle  by  the  contractor,  before  the  project  began,  on  the 
basis  of  an  observed  superiority. 

The  evaluations  of  curing  variables  have  indicated  uat  the 
known  tolerated  variations  from  control  curing  conditions  did  not  have 
a significant  effect  on  the  consistency  of  the  test  results - 
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FIO.  73.  HOT  SPRAY  RINSE.  THREE  STAQES  IN  THE 
PREPARATION  OF  SKINS  FOR  PRIM  NO. 
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no.  75.  PRIKDiO  BOTTOM  SIDE  OF  A 10"  X 10" 
CORK  SZAB  IN  A 52",  lA  HP,  OLD*  S 
(SAFKTT  GU.VRD  REMOVED). 


FIO.  76.  FuflCJVTNO  THE  CURED  10"  X 18"  TEST 
FROM  THE  AIR -OPTRA  TED  PRESS. 
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TEST  METHODS  AND  DEVICES  USED  IN  PROJECT  TO  EVALUATE  BOND  STRENGTHS 

a)  Tests  applied;  general 

The  "four -inch -drum"  peel  test  and  the  flatwise  tensile  test 
(one -inch- square  specimen)  were  used  to  evaluate  bond  strengths  in  this 
project.  Where  the  adhesion  to  the  facing  was  the  Important  dependent 
variable,  the  bond  was  tested  in  peel  only.  Flatwise  tensile  strength 
was  found  to  be  unaffected  by  the  condition  of  the  adheslve-to-faclng 
bond.  In  certain  instances  peel  and  tensile  tests  were  conducted  at 
elevated  temperatures . 

Short -span  flexurtl  tests  at  room  and  elevated  temperatures, 
and  edgewise  compressive  tests  at  room  temperature, were  run  primarily 
to  determine  if  any  fixed  correlation  with  flatwise  tensile  strength 
existed.  The  conditions  of  these  tents  cure  reported  in  Appendix  VI. 

Where  applicable,  the  test  conditions  and  equipment  set 
forth  in  Forest  Products  Laboratory's  Report  No.  1556,  "Methods  for 
Conducting  Mechanical  Tests  of  Sandwich  Construction  at  Normal  Temp- 
eratures" were  utilized. 

b)  Size  and  number  of  specimens 

Originally,  it  was  believed  that  four  one -inch-square  speci- 
mens from  each  panel  would  give  a satisfactory  determination  of  the 
average  flatwise  tensile  strength  in  the  panel.  The  number  of  speci- 
mens was  later  Increased  to  six  or  eight  in  the  majority  of  evaluations. 

In  order  to  increase  the  validity  of  the  average.  In  most  panels,  the 
flatwise  tensile  coupons  were  removed  from  one  or  more  one -inch  strips, 
sawed  from  the  approximate  center  of  the  panel,  in  & direction  parallel 
to  the  peel  specimens.  In  a few  Instances  extra  tensile  specimens  were 
sawed  from  the  untested  butt  ends  of  the  peel  specimens.  Special  sawing 
schedules  are  noted  in  the  results  of  certain  evaluations. 

All  peel  specimens  were  eight  to  ten  inches  long,  and  were 
sawed  in  the  "ribbon"  direction.  In  order  to  make  it  easier  to  clamp 
peel  specimens  in  the  fixture,  the  cores  in  most  panels  were  cut  slightly 
undersize,  leaving  a portion  of  the  facings  unsupported  at  each  end  of 
the  specimens. 

Where  the  adhesive  bonds  In  each  panal  were  known  to  be  practi- 
cally identical,  peel  tests  were  run  on  both  sides  of  the  panel,  alternat- 
ing from  specimen  to  specimen.  Where  symmetry  in  the  adhesive  planes  had 
been  sought,  but  was  not  achieved,  peels  were  run  on  the  side  which  was 
believed  to  be  the  weaker. 

All  of  the  earlier  peel- test  results  were  based  on  four  specimens 
cut  from  each  ten- inch-by-eigfateen- inch  panel.  The  scatter  of  the  peel 
readings  proved  that  many  of  the  panels  contained  strength  gradients  re- 
sulting from  indeterminate . local  variations  in  parameters  such  as  tape 
weight,  core-prime  weight,  and  curing  pressure.  A number  of  panels  ex- 
hibiting inconsistencies  of  this  type  were  rejected  from  the  program. 
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It  was  decided  that  the  rejection  rate  could  be  reduced  and  that  better 
control  over  fabrication  conditions  could  be  established  by  making  smaller 
panels.  Accordingly,  the  standard  panel  site  was  reduced  to  nine  Inches 
by  nine  Inches  and  two,  rather  than  tour,  peel  specimens  were  saved  from 
each  panel.  In  reducing  panel  site  and  Increasing  the  number  of  panels  to 
compensate  for  the  reduced  number  of  specimens  available  from  each  panel, 
accuracy  and  reproducibility  of  the  results  were  greatly  Increased. 

It  Is  strongly  recommended  that  relatively  small  panels  be  used 
In  all  experimental  evaluations  of  honeycomb— sandwich  properties.  This 
recommendation  Is  particularly  applicable  where  flexural  shear  strength. 

In  either  the  bond  or  the  core  material,  Is  the  dependent  variable.  Para- 
meters such  as  core  density,  prime  weight,  and  tape  weight  should  of 
course  be  observed  and  recorded  after  the  component  parts  of  the  panel 
have  been  cut  to  size,  to  make  maximum  use  of  the  data. 

c)  Flatwise  tensile  apparatus  and  testing  procedure 

The  important  design  details  of  the  modified  flatwise  tensile  ap- 
paratus, which  was  a close  copy  of  that  detailed  by  Forest  Products  Labora- 
tory in  their  report  No.  1556,  are  shown  in  Figure  81  at  the  end  of  this 
Appendix.  It  was  found  that  the  rectangular  cradles  used  in  the  FPL  fix- 
ture were  not  strong  enough  to  resist  the  loads  that  could  be  carried  in 
"heavy-adhesive- line"  bonds,  and  that  it  was  difficult  to  achieve  a straight 
pull  through  the  centerlines  of  the  specimens.  The  FP«  cradles  were  designed 
with  a 1-1/ 8- inch-square  opening  to  recaiva  the  one-inch-square  specimen 
blocks.  In  order  to  raise  the  strength  of  the  fixture,  this  opening  was 
made  smaller,  giving  a close  fit  about  the  specimen  block.  The  modifi- 
cation gave  ample  wtrength  as  a result  of  the  increased  wall  thickness, 
and  removed  the  need  for  centering  each  specimen  in  the  cradle  by  hand. 

The  diameter  of  the  removable  pins  was  increased  from  1/h  to  3/8  inch  and 
large  knurled  knobs  were  provided  for  ease  of  withdrawal  in  the  oven. 

The  original  apparatus  had  been  clamped  In  the  serrated  Jaws  of 
the  Tlnlus  Olsen  test  machine.  This  clamping  was  replaced  by  providing 
rectangular  plugs  fitted  to  the  dimensions  of  the  tapered  openings  In 
the  crosshead  and  the  table  of  the  machine.  Longer  pull  rods  were  pro- 
vided to  accommodate  the  height  of  the  removable  testing  oven.  The  bottom 
rod  was  rigidly  centered  In  the  crosshead  by  the  plugs  while  the  top  rod 
was  suspended  centrally  from  a spherical  nut- and- washer  combination.  The 
lower  rod  was  connected  to  the  grip  by  a ball- swivel  Joint.  This  Joint 
allowed  the  grip  to  fall  free  as  the  failure  occurred,  thus  facilitating 
the  substitution  of  new  specimens. 

Each  tensile  specimen  was  band-saved  from  the  panel  with  a blade 
having  24  teeth  per  inch.  The  edges  of  the  specimens  were  then  dsfeurrsd 
with  a file,  and  the  outer  surfaces  of  the  facings  were  lightly  sanded  to 
give  a satisfactory  bonding  surface.  The  faying  surfaces  of  the  bonding 
blocks  were  cleaned  on  a belt  sander,  shortly  before  the  adhesive  was  ap- 
plied. Freshly  prepared  epoxy  adhesive  was  then  applied  sparingly  to  the 
surfaces  of  both  the  bonding  blocks  and  the  specimens.  In  the  first  half 
of  the  contract,  "EPON  VI"  waa  used  to  bond  all  tensile  specimens  to  the 
test  blocks.  Where  this  adhesive  was  used,  the  coated  surfaces  vere  allowed 
to  set  up  for  about  two  hours  before  being  wrung  together  and  placed  in  an 
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oven  fcr  thirty  minutes  at  l8o°:F.  With  the  advent  of  tensile  testing  at 
elevated  temperatures,  it  vas  decided  that  "EPON  VIII"  should  be  used  be- 
cause of  its  probable  superiority  at  the  temperatures  in  question.  This 
adhesive  did  not  require  a "setting''  period  after  coating.  A curing 
cycle  of  45  minutes,  at  180OF,  was  given  to  tensile  specimens  cured  with 
"EPOH  VIII". 


Either  of  the  two  epoxy  adhesives  gave  satisfactory  results,  as 
long  is  the  specimens  were  made  up  correctly.  Where  too  much  adhesive 
was  used,  where  only  one  faying  surface  was  coated,  or  where  the  surfaces 
were  not  properly  sanded,  failures  sometimes  occurred  in  the  block-to- 
speclmen  bond.  These  failures  were  not  averaged  in  the  reeults. 

Where  Shell's  elevated -temperature  adhesive,  "422", was  tested 
in  flatwise  tensile  up  to  500°F,  the  b?.ock-to-speclmen  bonds  were  also 
made  with  "422",  to  provide  sufficient  heat  resistance.  Before  any  speci- 
mens were  laid  19, . several  blocks  were  bonded  together  with  pieces  of 
"42 2"  tape,  under  clamp  pressure.  It  waa  found  that  only  a small  area 
in  the  centers  of  the  one -inch- square  surfaces  would  bond  together  eatis- 
f actor ily.  On  checking  the  flatness  of  the  block  surfaces,  it  was  found 
that  they  were  "crowned"  as  much  as  0.003  inches  from  the  manual  belt- 
sanding  operation.  The  problem  waa  eliminated  by  sanding  six  blocks  at 
a time  in  the  special  frame  (Figure  66) . The  size  and  mass  of  the  frame 
allowed  the  operator  tc  hold  the  blocks  firmly  and  evenly  against  the 
sanding  belt,  and  produced  a very  flat  surface.  The  block -to- specimen 
bonds  vere  Intentionally  under cured  (15  minutos  In  an  oven  at  330°F) 
to  minimise  poa touring  of  the  core-to-face  bonds.  The  eleveted- tempera- 
ture flatwise  tensile  teste  were  entirely  successful;  no  failures  oc- 
curred in  the  block -to -specimen  bonds. 

It  waa  found  that  the  useful  life  of  the  specimen  blocks  could 
be  lncreaeed  significantly  if  they  were  originally  made  1-1/8  Inches  long 
instead  of  only  one  inch.  They  were  discarded  after  successive  aandlng 
operations  had  reduced  their  height  to  15/l6  Inches  or  less.  The  hole 
diameter  was  made  3/8  Inches  to  recslwa  the  larger  pins.  A small  addi- 
tional hole  was  drilled  through  some  of  the  blockB  to  accomodate  a 
thermocouple  lead  during  elevated -temperature  tests. 

Flatwise  tensile  specimens  were  pulled  in  the  Tinlus-Olsen 
machine  at  an  approximate  rate  of  300  lbs. /minute.  A test  was  conducted 
to  determine  if  this  rate  haa  any  effect  on  the  breaking  strength,  and 
if  this  effect  could  be  used  to  give  an  indication  of  creep  properties. 
Tensile  coupons  were  cut  from  two  panels  made  with  adhesives  which  ap- 
peared to  be  susceptible  to  creep  failure.  The  results,  sunmarlsed  In 
the  following  tabulation,  did  not  indicate  that  the  rate  of  pull  had  a 
significant  effect  on  breaking  strength  within  the  practical  rate  limits 
of  the  machine: 


Approximate 


Observed  Tensile  Strength 


Loading  Rate  (avg.  of  3 rdgs.) 

lbs /min.  Adhesive  "X"  Adhesive  "Y" 


100 

224 

309 

300 

223 

316 

1000 

211 

318 

10000 

248 

315 

A F 33(600) -23626 


22$ 


Appendix  II,  Continued 


In  certain  instance*  where  low-density  honeycombs  were  used  in 
panels,  peel  failures  were  observed  to  occur  in  both  the  core  and  the 
bond,  within  the  same  specimen.  The  outstanding  feature  about  these 
failures  was  that  the  torque  was  a function  of  the  type  of  failure,  be- 
ing very  low  in  a region  of  core  failure  and  high  in  a region  of  bond 
failure.  In  one  panel  made  for  the  General  Electric  Company  where  al- 
1/8-.001  core  was  used,  failure  began  in  the  core  at  a torque  of  approxi- 
mately 1*5  inch-lbs.  and  abruptly  transferred  Itself  to  the  bond  at  a 
torque  of  the  order  of  180  inch-lbs.  The  co-existence  of  two  types  of 
failure,  each  manifesting  a different  strength,  was  also  observed  to  a 
lesser  degree  in  some  specimens  which  failed  in  the  bond  only.  In  these 
specimens,  the  recorded  torques  appeared  to  be  lowest  where  the  failure 
had  occurred  in  the  closest  proximity  to  the  core. 

In  all  of  these  Instances,  the  failure  appeared  to  transfer  It- 
self back  and  forth  indiscriminately,  and  the  probable  degree  of  inconsis- 
tency In  the  strength  of  the  panel  over  its  surface  did  not  account  for 
the  variations  in  peeling  torque.  The  contractor  believes  the  significance 
of  the  phenomenon  is  that  peel  failures  which  occur  in  the  core  ere  not 
necessarily  an  indication  of  panel  quality,  but  are  proof  that  the  bond 
is  adequate.  The  contractor  does  not  know  of  any  instances  where  honey- 
comb panels  failed  in  peel  within  the  core  material,  under  service  condi- 
tions . 


The  peeling  fixture  was  used  in  elevated  -temperature  testa  on 
several  adhesives.  The  decomposition  of  bearing  lubricants  under  heat 
determined  the  upper  limit  of  teat  temperature . The  tester  In  the  pro- 
ject was  used  with  ordinary  lubricants  up  to  500^F  on  "U32",  but  the 
bearings  began  to  tighten  up  at  about  400°F.  The  operator  ran  the  tester 
without  a specimen  at  both  temperatures  to  determine  the  approximate 
frictional  torque,  and  subtracted  these  readings  from  those  taken  with 
specimens  in  place.  The  bearings  and  the  gear  teeth  had  to  be  carefully 
cleaned  and  flushed  with  lubricant  to  restore  free-turnins  operation 
after  the  test.  The  use  of  special  high-heat  lubricants  would  have  ex- 
tended the  practical  temperature  limits  or  the  machine. 

In  undocumented  tests  conducted  on  several  rejected  panels, 
peeling  speed  did  not  appear  to  affect  the  level  of  the  peel  torque.  It 
did  change  the  magnitude  of  the  minor  fluctuations  on  the  traced  record, 
however.  Faster  speeds  tended  to  give  the  fluctuations  less  amplitude. 

In  general,  the  machine  aa  constructed  had  a significant  inertia  and 
tended  to  damp  out  minor  torque  variations  without  recording  them.  This 
limitation  did  not  appear  to  be  serious,  however. 

A phenomenon  observed  in  the  use  of  both  the  autographic  peel- 
tester  and  hand-operated  machine  was  the  fact  that  narrow  specimens  gave 
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h igher  readings  (in  term*  of  Inch- pound g per  inch  width)  then  did  wide 
specimens.  This  tendency  can  be  seen  In  the  following  tabulation: 


Panel 

166  Machine- 
Peeled 


Nominal 

Spec loan  Number 
Width  of 

(Inches)  Specimens 


Peeling 

Torque  Corrected 
to  3 -inch  width 
(Inch-lbs  4 


166  Machine- 
Peeled 


Hand-Peeled 


This  sice  effect  may  be  attributable  to  transverse  propagation 
effects, which  are  essentially  independent  of  width. 

At  the  time  the  peel  tester  was  designed,  there  was  cocas  dis- 
cussion as  to  whether  or  not  the  specimens  should  be  "back-loaded"  so 
that  the  facings  would  always  lie  tangentially  against  the  drum  at  the 
line  of  failure.  It  was  believed  that  the  effect  of  facing  thlcknoaa 
would  be  substantially  nullified  if  the  facings  followed  the  drum  as 
they  cams  off  the  core.  Furthermore,  It  would  be  possible  to  utilise 
nearly  all  of  the  specimen  length  in  the  average,  whereas  as  much  as 
six  inches  of  length  are  some  times  wasted  In  the  conventional  machine. 
81nce  it  was  not  known  whether  a practical  back -loaded  machine  could  be 
developed  in  time  to  be  used  In  the  evaluations  of  bond  strengths,  the 
conventional  design  was  used  throughout  the  project. 

On  one  occasion  a dead  load  of  50  lbs.  was  applied  to  a well- 
bonded  0.0l6-inch- thick  facing  through  a temporary  pulley  fixture 
mounted  on  the  autographic  peel  tester.  In  a specimen  of  «.nls  type  the 
facing  would  ordinarily  be  pulled  off  almost  vertically.  Thera  waa  a 
difference  of  only  a few  degrees  in  angle  from  the  vertical  attributable 
to  the  application  of  the  back -load.  It  appeared  thut  the  amount  of 
back-load  required  to  hold  well-bonded  light-gage  facings  against  the 
peeling  drum  might  be  very  high.  The  additional  tension  produced  by 
this  amount  of  back-loed  might  call  for  special  clamping  techniques,  to 
prevent  the  specimens  from  pulling  loose  during  the  testa. 

Although  It  would  be  desirable  to  cause  the  facings  to  follow 
the  curvature  of  the  peeling  drum  by  back-loading  or  other  means,  the 
use  of  the  conventional  tester,  without  back-loading,  gives  readings 
which  satisfy  the  purpose  for  which  they  are  intended;  l.e.,  to  make 
comparisons  of  the  strengths  of  bonds  made  to  facings  of  one  material 
and  thickness.  Practically  speaking,  comparisons  may  be  made  where 
facing  thickness  is  variable,  if  the  variations  are  within  reasonable 
limits . 
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As  each  flatwise  tenelle  specimen  wae  broken.  It  vas  removed 
and  the  actual  dimensions  vere  measured  with  a machinist's  scale.  The 
Indicated  value  of  flatwise  tensile  strength  vas  then  corrected  for 
area.  The  broken  specimens  vere  Inspected  by  the  operator  and  the  type 
of  failure  vas  recorded.  Usually,  only  one  type  of  failure  vas  In  evi- 
dence. On  "FM- 47 "-bonded  panels  the  majority  of  tensile  failures  occurred 
In  cohesion  betveen  the  film  and  the  cell  vails.  Panels  made  with  large 
cell  cores  and/or  light  adhesive  lines  sometimes  failed  in  adhesion  to 
the  core  or,  more  conxoonly,  In  a mixture  of  adhesion  and  cohesion.  The 
general  absence  of  tensile  failures  betveen  the  film  and  the  facing 
throughout  the  project  supported  the  conclusion  that  the  flatwise  tensile 
test  does  not  give  an  indication  of  the  strength  of  the  bond  at  the  ad- 
heslve-to-facing  interface. 

The  broken  flatwise  tensile  specimens  vere  not  saved.  Used 
blocks  vere  heated  briefly  In  a laboratory  furnace  set  at  about  900°F, 
and  the  epoxy  adhesive  vas  scraped  evay  with  a putty  knife.  The  blocks 
vere  then  ready  for  re-use  after  the  belt-sanding  operation. 


d)  Peel-test  apparatus  and  testing  procedure 

Photographs  of  peeled  specimens  and  of  graphical  peel  records 
are  shown  In  Figures  77  through  80  at  the  and  of  this  appendix. 

The  four- inch-drum,  machine -driven,  autographic  peal-test  ap- 
paratus, shown  In  Figures  84  and  85  and  In  dravlnga  F2,  F3  (Figs.  82  and 
83) vas  kinematically  a copy  of  a fixture  used  In  conjunction  vlth  a 
torque  wrench.  A number  of  specimens  cut  from  the  same  panels  and 
tested  in  both  the  manual  and  the  autographic  testers  gave  excellent  cor- 
relations In  their  average  readings.  The  autographic  tester  proved  to 
be  generally  superior  to  the  hand  tester  in  reliability,  range,  ease  of 
operation,  and  accuracy.  One  of  lta  chief  advantages  lay  In  the  fact 
that  It  could  be  used  In  tests  at  moderately  elevated  temperatures. 

All  peel  specimens  (vlth  the  exception  of  some  from  "non- 
destructive testing"  specimens)  vere  three  Inches  vide  and  from  eight 
to  ten  Inches  long.  All  the  specimens  vere  pealed  in  the  "ribbon" 
direction.  Although  It  la  believed  that  peel  strength  In  the  ribbon 
direction  Is  somewhat  higher  than  In  the  direction  across  the  ribbons, 
no  tests  vere  conducted  within  the  project  to  determine  the  effect  of 
direction.  It  has  been  learned  from  outside  sources  that  peeling  torque 
Is  also  influenced  by  the  rolling  direction  In  the  facings.  Higher 
peels  are  said  to  be  obtained  when  the  rolling  direction  coincides  vlth 
the  peeling  direction,  but  no  attempt  vas  made  to  confirm  this. 

Saved  peel  specimens  ware  identified  by  a panel  number  and  a 
specimen  letter.  Each  specimen  vas  do -burred  vlth  a file  and  measured 
vlth  a machinist's  scale,  before  being  clamped  in  the  pealing  fixture. 
The  height  of  the  gap  between  the  peeling  drum  and.  the  three  rollers 
vas  adjusted  so  that  the  specimen  would  contact  only  the  roller  adjacent 
to  the  drum.  (The  other  tvo  filers  vere  nonfunctional  and  could  have 
been  left  out.)  A sheet  of  graph  paper,  rubber-stamped  vlth  an  ldentl- 
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flcatlon  heeding,  was  placed  In  the  recording  anon,  under  the  typewriter 
rollers.  The  test  machine  was  then  zeroed  and  the  recording  pen  was 
put  down  on  the  corner  of  the  margins  of  the  grid.  With  the  Indicator 
still  at  zero,  the  drum  was  rolled,  by  hand  ao  that  the  pen  made  a datum 
11ns  across  the  page.  The  machine  was  then  loaded  to  give  a peeling 
speed  in  the  range  2 to  4 Inches  per  minute.  After  the  peeling  drum  had 
rotated  90°  (approximately  3^  Inches  on  the  paper)  the  action  was  con- 
sidered to  be  at  equilibrium,  and  a mark  was  made  on  the  graph.  (The 
portion  of  the  graph  before  the  mark  was  not  averaged  In  the  re- 

sults). Marks  were  also  made  on  the  graph  to  Indicate  where  the  line  of 
failure  had  passed  over  any  line  of  demarcation,  signifying  an  Inten- 
tional change  In  fabrication  conditions  within  the  panel. 

The  peeling  was  stopped  when  the  end  of  the  specimen  slipped 
over  the  last  roller,  or  when  the  pen  reached  the  end  of  the  paper.  The 
specimen  and  the  graph  were  set  aside  andanesr  specimen  and  a blank  graph 
were  Inserted.  The  mean  height  of  the  recorded  torque  curve  was  later 
observed,  multiplied  by  a constant  to  convert  It  to  Inch-pounds,  and 
corrected  for  specimen  width.  High  and  low  torque  readings  as  well  as 
the  mean  were  recorded.  Some  of  the  tabular  presentations  show  low  peel 
readings  as  percents  of  the  mean.  In  order  to  give  some  indication  of 
consistency  of  quality. 

Peel  results  In  this  report  are  expressed  In  "Inch- lbs.  of 
torque  per  three- Inch" width  of  specimen".  In  the  Interim  8usmary  Report, 
and  in  early  progress  reports,  peels  were  expressed  in  "lnch-lbs.  per 
Inch  of  specimen  width".  The  magnitude  of  the  latter  reading  was  one- 
third  of  the  former.  The  actual  widths  of  the  specimens  were  three 
inches  In  either  case,  and  the  choice  of  the  larger  figure  was  made  on 
the  basis  of  its  greater  degree  of  usage  in  the  Industry. 

Peeled  specimens  ware  visually  graded  for  type  of  failure  In 
large  batches.  Six  types  of  bond  failures  were  recognized  In  a sup- 
ported-fllm  system.  The  first  criterion  applied  to  the  side  of  the  tape 
on  which  the  failure  occurred j that  Is,  whether  the  tape  remained  attached 
to  facing,  or  to  the  core  material,  as  the  facing  was  peeled  off.  The 
failure  on  either  side  was  broken  down  into  "adhesion",  "cohesion",  or 
"adhesion  and  cohesion  mixed".  In  the  tabular  presentations,  these 
failures  are  called  "A","C",  and  "AC",  respectively.  The  percentage  of 
area  In  which  each  type  of  failure  occurred  was  recorded.  In  Deny  peel 
specimens,  all  alx  types  were  observed.  All  specimens  (approximately 
2000  in  all)  were  graded  by  the  same  person. 

A modified  system  of  peel  failure  observation  was  used  on  the 
"three-tape"  panels.  Here,  all  specimens  were  designed  to  fail  in  ad- 
hesion, or  In  a mixture  of  adhesion  and  local  cohesion,  at  the  facing; 
the  occurence  of  other  types  of  failures  made  the  results  void.  Mix- 
tures of  adhesion  and  cohesion  on  the  facings  were  cot  graded  as  "AC” 
but  were  broken  down  separately.  The  recording  of  failures  here  was 
susceptible  to  arbitrary  judgment,  just  as  in  the  "slx-failure"systein, 
but  the  results  tended  to  favorably  augment  the  quantitative  peel- 
torque  readings . 
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It  Is  const  lines  suggested  that  the  peeling  torques  required 
to  bend  facings  of  various  gages  be  determined  so  that  peel- torque  read- 
ings made  on  the  conventional  machine  may  be  corrected  to  give  absolute 
Indications  of  the  adhesive  forces  In  the  bonds  themselves.  It  has  ap- 
peared, however , that  the  amount  of  torque  required  to  bend  the  facings 
Is  a function  of  the  adhesive  forces  In  the  bond  besides  being  e function 
of  the  material  and  tha  thickness  of  the  facings.  Light-gage  facings 
In  combination  with  heavy  adhesive  lines  tend  to  come  off  the  specimen 
nearly  vertically,  with  a very  email  radius  of  curvature  at  the  failure 
Itself.  Heavy-gage  facings  and  facings  which  are  poorly  bonded  tend  to 
follow  the  curvature  of  the  drum.  As  far  as  la  known,  Lt  la  not  prac- 
tical to  experimentally  determine  the  torque  absorbed  by  an  unbonded 
facing,  since  little  permanent  bending  le  performed  unless  the  facing 
Is  firmly  attached  to  the  core  material. 
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Figure  77:  Predominantly  cohesive 
failure,  tape-to-core.  This  panel 
was  made  vith  primed  1/ 8-cell  core, 
and  *0.07"  lb/sq.  ft.  tape.  Record  3 
peeling  torque:  168  inch-lbs  per 
three  inch  width. 


IV 


Figure  78:  Adhesive  failure  between 
"0.07"  tape  and  unprimed,  l/8-cell 
core.  Recorded  peeling  torque:  78 
inch- lbs. 


Figure  79:  Adhesive  failure  to  un- 
cleaned ale lad  2US-T3  facing  0.016 
inch  thick.  Recorded  peeling  torque: 
5k  inch- lbs. 


I 

■ 


Figure  80:  Predominantly  cohesive 
failure  between  "0.07"  tape  and 
primed,  3/8-cell  core.  Recorded 
peeling  torque:  69  inch -lbs. 
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Figures  _8L  4 8$ : Autographic  peel  test  apparatus  In  Tlnlus -Olsen  test 
machine.  (Spsolai  recording  dnm  at  right  uses  standard  Tlnlus -Olsen  pen 


bar)- 


/a, a 


Figure  36  : Flatwise  tensile  test  apparatus.  Upper 
left:  Curing  fixture  for  ”k22”  bonded  blocks.  Upper 
right:  Block-sanding  fixture  with  height  control 
platform.  Bottom:  Modified  Forest  Products  laboratory 
flatwise  tensile  grips  (lower  grip  is  at  right,  with 
centering  pl’g  In  place) 
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Drawings  "PL-l"  and  nPlfZm  included  at  the  end  of  this 
appendix  show  proposed  plant  layouts  for  the  manufacture  of  flat 
aluminum  honeycomb  sandwich  composite. 

Drawing  PL-1  (Figure  ) 

The  design  represents  a complete  plant,  manufacturing  a high 
volume  of  flat  material  of  the  order  of  $000  square  feer  per  shift.  The 
proposed  continuous- coil  processing  line  and  semi-continuous  core-priming 
and  drying  lines.,  designed  in  this  project  have  been  incorporated  here. 

The  basic  assumptions  used  in  developing  layout  PL-1  were 
as  follows! 

1.  A continuous  .coil  processing  line  would  be  Included  in 
the  plant  spaoe.  (It  may,  in  fact,  be  more  realistic 
to  assume  that  the  line  would  be  operated  in  a sepa- 
rate facility  by  a firm  supplying  processed  coil  to 
the  entire  sandwich  industry.) 

2.  The  plant  would  purohass  raw  materials  in  the  form  of 
finished  (sawed)  honeycomb,  coiled  and  sheeted  alumi- 
num, liquid  adhesive,  supported -film  adhesive,  wood 
atrip,  end  extrusion  stock. 

(dote:  In  order  to  assure  that  the  core  material  is 
not  subjected  to  deterioration  from  storage  it  might 
be  technically  more  desirable  to  procure  it  in  a 
primed  condition  from  the  suppliers . ) 

3.  The  major  portion  of  the  plant's  activity  would  be 
directed  toward  the  fabrication  of  flat  panels  having 
few  complicated  details,  other  than  heavy-dsns ity 
(wood  or  metal)  edging  reinforcements.  The  majority 
of  facings  in  these  panels  would  be  under  O.OUO  inches 
in  thickness,  allowing  utilisation  of  continuous -coil 
processing  techniques. 

L.  The  continuous  processing  units  would  have  to  be 
augmented  with  batch  operations  in  order  to  process 
edgings  and  details,  and  to  handle  heavy-gage  facings 
which  could  not  be  processed  continuously. 
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5.  A limited  amount  of  extra  space  In  the  batch- 
processing areas  could  be  derated  to  the  pro- 
cessing of  contoured  or  special  assemblies. 


6.  The  "shift"  capacity  of  the  oontimicvui-ooll 

and  core-priming  lines  would  exceed  that  of  the 
layup,  bonding,  and  finishing  departments.  The 
following  approximate  squarn  footage  rates  per 
shift  (in  terms  of  panel  square  footage)  would 
apply: 


Coil  Line  (assuming  0*016  material, 

36  " wide  12  ft. /min.)  8,000  sq.ft. /shift 


Core  Line  (assuming  U passes) 


10,000  sq.ft. /shift 


Presses  (assuming  5 presses  x 5 

openings):  $,000  sq.ft./shift 


Layup  Line: 


(Dependent  on  com- 
plexity of  part) 


Finishing  Line: 


(Dependent  on  com- 
plexity of  parto) 


The  panel  area  assumed  here  is  approximately  30 
square  feet.  If  a eery  large  demand  for  panels 
without  edgings  or  detail  parts  existed,  layup 
time  would  impose  no  limitation^  and  if  additional 
presses  were  procured,  the  capacity  could  be  ex- 
tended to  approximately  9,000  square  feet  of  panel 
per  shift,  for  as  many  as  18  shifts  per  week.  Where 
relatively  complex  fiat  panels  were  in  the  majority, 
the  layup  and  finishing  departments  might  have  to 
work  three  shifts  per  day,  while  the  continuous  - 
processing  lines  would  be  utilised  less  than  five 
shifts  per  week.  In  this  case,  the  savings  to  be 
realised  from  continuous  processing  would  be  re- 
duced but  would  probably  still  be  significant. 

Both  lines  would  still  provide  outstanding  tech- 
nical advantages,  and  it  is  probable  that  excess 
capacity  could  be  utilised  in  processing  materials 
for  other  firms.  (The  continuous  -poll  line  could 
be  modified  to  perform  other  chemlcel  processes 
and  to  apply  other  types  of  costings  to  alumAnua 
for  both  military  end  commercial  applications . ) 
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The  following  specific  features  Incorporated  In  "PL-l"  are 
called  to  the  reader's  attention t 

1*  The  flow  of  materials  used  in  the  high- production 
panels  takes  a "IP-shaped  flow  pattern  through  the 
plant.  It  would  be  equally  (or  more)  desirable  to 
orient  all  the  flows  in  straight  lines,  parallel  to 
the  continuous -coil  line,  provided  that  the  config- 
uration of  the  building  and  tha  location  of  the 
transportation  docks  permitted. 

2.  "Low  production"  and  "batch  process"  areas  hare  been 
set  aside  from  the  areas  in  which  materials  pass  in 
volume. 

3.  The  aqueous  cleaning  facilities  have  been  isolated 
from  other  parts  of  the  plant  by  partitions,  to  pre- 
vent water  vapors  and  acid  fumes  from  reaching  the 
areas  in  which  adhesive  is  handled  or  altmdnus  is 
stored. 

U.  Wherever  possible,  areas  where  adhesives  or  solvents 
are  handled  have  been  consolidated  and  isolated  by 
lire  walla. 

5.  Core  materials  are  atoned  on  flats,  resting  lengthwise 
on  tiers  of  shelves.  There  is  no  fixed  line  of  demar- 
cation between  primed  and  unpriasd  oore  storage  areas. 

6.  Panel  layup  la  performed  on  a "skate-wheel"  conveyor 
line,  using  the  cauls  as  aurfaoea.  In  operation,  it 
is  proposed  that  two  cauls  are  first  placed  end-to- 
end  on  the  conveyor.  Press  pads  and  facings  are  then 
placed  on  the  cauls.  The  assembled  core  (with  tapes, 
edgings,  inserts,  etc.)  is  then  placed  on  one  of  the 
facings,  and  the  other  facing,  caul  and  pad  are  folded 
over  to  make  the  finished  press  load.  (It  stay  be  de- 
sirable to  warm  the  materials  first  and  apply  some 
pressure  to  insure  that  tha  components  will  not  be 
shifted  during  subsequent  handling.) 

7.  Although  the  presses  shown  in  the  layout  are  "side- 
loading", "end-loading"  presses  are  equally  acceptable. 

Drawing  FL-2  (Figure  68) 

A partial  plant  layout  of  a line  for  cleaning,  priding,  and 
drying  cut  sheets  is  shown  at  the  end  of  this  section.  Essentially,  it 
represents  an  extrapolation  of  existing  batch-processing  techniques  to 
achieve  higher  production  at  lower  costs.  This  layout  is  not  a firm 
design  and  would  be  subject  to  refinement  by  specialists  In  automatic 
conveying  systems. 

The  capacity  and  aquare-footage  cost  saving  which  could 
be  realised  from  such  a system  are  not  equivalent  to  those  offered 
by  a continuous  - coil  system.  Since  the  availability  of  heat- 
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treated  coils  rasy  be  delayed  for  eone  tine,  it  ia  felt  advisable  to 
present  an  "interim"  or  "alternate"  prooess  layout.  The  "continuous 
monorail"  shown  in  this  drawing  id  the  only  major  departure  from  ex- 
isting techniques . (The  oonveyorised  spray-priming  system  has  already 
found  successful  application  in  sandwich  manufacturing.) 

It  is  proposed  that  the  continuous  monorail  system  include 
four  hoists,  oontrolled  oy  two  man.  The  operators  would  actuate  an 
alarm  timer  at  eaoh  tank  aa  the  rack  was  Immersed}  the  timer  at  each 
tank  would  be  pre-set  at  a fixed  interval  according  to  the  following 
tentative  sohedulet 

Hot  alkaline  tank! 

Hot  rinse  tanks 

Hot  aold  tank! 

Cold  rinse  tanks 

Warm  air  dry* 

(2  timers) 

The  long  drying  time  in  this  cycle  suggests  that  the  warm- 
air  drying  oven  should  be  large  enough  to  hold  two  racks  at  one  time. 
Allowing  for  sene  transfer  time  between  tanks,  the  total  immersion 
cycle  would  be  50  minutes  per  rack.  A new  rack  could  be  started 
every  15  minutes . (approximately),  allowing  a maximum  of  h hoists 
in  the  prooess  tanks  at  one  time.  One  hoist  would  be  out  of  the 
oyole  for  10  minutes  out  of  every  15,  for  unloading  and  loading. 
Assuming  U ft,  x 8 ft,  sheets,  six  to  a rack,  and  that  maximum 
utilisation  la  not  attained,  the  production  capacity  of  this  system 
would  be  approximately  5,000  square  feet  (2500  square  feet  of  sand- 
wich) per  shift.  This  figure  would  satisfy  only  half  of  the  nomi- 
nal capacity  (5,000  square  feet  of  sandwich  per  shift)  of  the  plant 
show  in  Drawing  PL-1. 

It  should  be  noted  that  savings  realised  by  buying  In  the 
coil  form  (when  wide,  light-gage  eoila  of  heat-treated  aluminum  be- 
come available)  can  be  applied  to  batch  processes  as  well  an  to  con- 
tinuous web  process,  since  purchased  ooils  can  be  readily  converted 
into  sheets. 

The  following  features  of  the  'batch  system'  layout  are 
worthy  of  notes 

1,  The  conveying  medium  for  aluminum  sheets  after  shearing 
would  be  the  cleaning  racks.  The  racks  would  be  trans- 
ported to  and  fro*  tha  monorail  loading  station  on 
carts.  An  empty  cart  would  receive  tha  empty  rack  and 
a loaded  rack  would  be  wheeled  in  place  and  coupled  to 
the  hoist.  The  sheets  would  not  leave  the  racks  until 
unloaded  at  the  Infeed  end  of  the  priming  conveyor. 


10  minutes 
2 minutes 
10  minutes 
1 minute 
20  minutes 
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2*  The  operators  at  the  Infeed  end  of  the  conveyor  would 
wear  clean  gloves  and  would  perform  no  other  task  than 
transferring  the  clean  sheets  from  the  racks  to  the 
conveyor* 

3.  The  conveying  system  through  the  spray  booth  and  oven 
would  run  at  a speed  of  approximately  6 feet  per  min- 
ute . A continuously  moving  web  of  Kraft  paper  would 
be  used  to  cover  the  surface  of  the  conveyor,  pro- 
tecting the  conveyor  and  the  backs  of  the  sheets  from 
the  spray. 

U.  The  continuous  oven  (indirectly  fired)  would  be  of 
the  same  general  type  as  proposed  In  the  continuous  - 
coil  and  continuous -core  lines. 
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SUPPLiMJNT  TO  PROPOSED  SPECIFICATION  S-L, 
CONTINUOUS-COIL  CLEANING  AND  PRIMING  LINE 

Prepared  by  He  reel  Products  Co.,  a division  of 
California  Reinforced  Plastics  Co. 
under  Contract  No.  AF  33(600)-23626 
(This  is  not  a Government  specification) 


IMPORTANT!  The  information  contained  in  this  supplement  supersedes 
that  in  * Proposed  Specification  5-U" , where  applicable.  The  specif- 
ication, itself,  was  prepared  during  the  performance  of  the  oon tract 
and  was  distributed  widely  among  manufacturers  of  strip-processing 
equipment  for  comment  and  criticism.  A number  of  important  revisions 
were  suggested  by  the  manufacturers . Because  these  firms  have  become 
familiar  with  the  original  specification  and  have  retained  it  in 
their  files,  it  has  been  republished  in  substantially  unchanged  form 
in  the  final  report  of  Contract  No.  AF  33(600)-23626.  The  important 
revisions  have  been  published  separately  in  this  supplement.  A num- 
ber of  minor  typographical  corrections  * tkJ  improvements  in  clarity 
have  been  made  in  the  specification,  but  changes  of  this  type  have 
not  been  shown  in  the  supplement. 

The  revisions  contained  in  this  supplement  follow  the  out- 
line of  "Proposed  Specification  S-U" . Each  revision  has  been  given 
a circled  number  whiah  is  also  shown  In  the  margin  of  the  latest 
printing  of  the  specification  contained  in  the  Final  Report. 

I - INTRODUCTION 


(No  important  corrections) 
II  - PROCESS  REQUIREMENTS 


C - "Process" 


(l)  Paragraph  3«  (Tabulation  of  acid  immersion  times) t Change! 

(Page  2)  Times  on  0.032  and  O.OUO  inch- thick  material  from 

6 minutes  to  U minutes  and  $ minutes,  respectively. 
(Additional  data  have  Indicated  that  the  shorter 
times  are  adequate.) 


(2)  Paragraph  8t  Change  sentence!  "The  web  should  be  subjected  to 
(Page  3)  an  approximately  uniform  temperature  gradient, 

starting  at  100°F  and  ending  at  300°F,  for  a min- 
imum period  of  1.2  minutes."  to  the  following! 

" to  an  approximately  uniform  oven- temperature 

gradient,  starting  at  100°F  and  ending  at  3$0°F..." 


{3)  Paragraph  9t  Revise  seoond  sentence  to  readi  "A  protective  web 
(Page  3)  of  nonreactlve  material  ouch  as  polyethylene  is  to 

be  introduced  into  the  coil  as  an  interleaf  when 
coating  both  sides  of  the  strip  with  adhesive,  other- 
wise  no  interleaf  need  V>e  added."  Revise  third  sen- 
tence to  read:  "The  finished  coils  will  be  removed 
and  stored  in  a cool,  clean,  dry  place.. .* 
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Supplement  to  Proposed  specification  3-li,  Continued 


III  - EQUIPMENT  REQUIREMENTS 

D - Spray  Washer  (page  7) 

(E)  Delete  sentence  in  last  paragraph!  MIt  should  not  be 

recirculated'’  and  substitute!  "It  may  be  recirculated". 

© Delete  portion  of  last  sentence  in  parenthesis!  "...(made 

up  of  two  6- inch  dia.  slit  rubber  rolls)..."  and  add  the  fol- 
lowing to  the  end  of  the  paragraph!  (Slit  rubber  rolls  may 
leave  wet  streaks  on  the  strip.) 

H - Owen  (page  lit) 

(t)  First  paragraph!  Underline  the  entire  first  sentence,  and 

ohanget  "...Drawing  C-3  ..."  toi  "...Drawing  L-U..." 

1.  Assumptions .( pages  IE  to  16) 

(j)  Oeneral  Nctei  Experienced  owen  designers  hare  pointed 

out  that  a considerable  error  was  introduced  in  the  cal- 
culations by  neglecting  the  heat  capacity  of  the  aluminum 
and  heat  of  vaporisation  of  the  solvents. 

They  have  further  pointed  out  that  the  strip  temperature 
will  never  approach  the  surrounding  temperature  in  the 
oven  and  that  the  temperature  differential  produced  here 
ia  likely  to  cause  condensation  of  water  vapor  (a  pro- 
duct of  combustion)  onto  the  material.  The  undesirability 
of  this  condensation  makes  it  necessary  that  an  lntirect- 
flred  heat  exohangar  be  substituted  for  a direct- fired 
unit,  to  prevent  the  products  of  combustion  from  entering 
the  oven  chanber.  This  indirect^  fired  unit  may  be  either 
gas -fired  or  oil-fired.  An  efficiency  of  the  order  of 
70Jf  may  be  expected  from  an  indirect- fired  unit.  (The 
computations  indicated  only  the  estimated  output  of  the 
heat  exchanger  in  BTU/hr.) 

In  view  of  the  faot  that  the  temperature  of  the  strip 
may  be  as  much  as  *>0°F  below  the  temperature  of  the  sur- 
rounding air,  the  nominal  oven  temperature  at  the  third 
stage  should  be  changed  from  300°F  to  35>0°F,  to  assure 
that  the  web  reaches  300°F.  The  temperature  of  the  air 
leaving  the  heat  exchanger  would,  correspondingly,  have 
to  be  raised  to  UOO°F  (approx.).  Taking  three  new  factors 
into  consideration  (increased  speed  on  heavier  material, 
heat  of  solvent  vaporisation,  and  increased  operating  tem- 
perature) , the  estimated  output  from  the  heat  exohanger 
would  be  revised  from  620,000  BTU/hr.  to  approximately 
750,000  BTU/hr.  (This  figure  is  still  very  low  compared 
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Swpplsm ant  to  Proposed  Specification  3-U9  Continued 


with  iom  outside  estimates.)  In  arsing  a heat  exchanger 
of  this  Sype  it  la  achriaabla  to  provide  a generous  araount 
of  extra  capacity. 

Aaamption  "a"  (page  15) 

(8)  Revise  temperature  at  "HEAT  EXCHANGER”  and  at  "H"  in 

sketch  from  350°F  and  300°F  to  UOO°F  and  350°F.  Change 
Wd  on  Middle  damper  to  V&. 

Assrasption  ”h”  (page  16) 

(D  Change  300°?  to  350°F. 

Assumption  "i"  (page  16) 

© Revise  to  specify  "lndirect-fircd  heat  exchanger". 


U.  Calculations 

@ (d)  Heat  Input  (page  17) 

Delete  existing  numerical  heat  input  rates  c..u  subs- 
titute "750,000  BTU/hr.  approximately. " 

@ (e)  Air  Weight  Rates  (pages  17  & 18) 

All  weight  rates  calculated  here  are  subject  to  error, 
due  to  revised  temperature  assumptions,  recognition  of 
the  heating  of  the  aluminum  web,  eto.  The  magnitudes 
of  most  of  the  jo  figures  remain  substantially  the  same, 
however. 


IV  - 

■ TABULATK 

© 

Page 

20t 

@ 

Page 

21* 

® 

Page 

21* 

Page 

21* 

Revise i " PoLt-alkaline  spray  rinse  unit"  to  readi 
"Heated  postalkaline  spray  rinse  unit  with  reoirculation." 

Insert:  "1  - Air  cooling  stage"  between!  "Four-stage 
evacuated  oven..."  and  "Four-roll  drive  bridle." 

Change!  "6-inoh  dla.  rubber-covered  * LCRIQ-ALIGNERr 
slit  full  cylindrical  (squeegees)"  to  read!  "Squeegee 
rolls" . 

Inserts  "2  narrow-bodied  stoneware,  l6-inch*dla.  (with 
bearings  and  mounts)"  between  "Full  cylindrical  stone- 
ware ..."  and  "Water-cooled,  hard-chrome  plated  ..." 
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DRAWINOSi 

L-h 

Delete  note  under  Oven,  end  substitute*  "2100  CFM  (AT 
70°F)  HEATED  TO  U00°F  IN  750,000  BTU/HR.  (APPROX) 
INDIHECT-FIRED  HEATER." 

© Change  temperature  shown  In  last  oran  stage  from  300°F 

to  350°F. 

L~U  and  L-5 

© Add  leaders  to  interleaving  spools  and  "U-INCH-DIA. 

EXPANDING  ROLLS",  with  the  following  note*  "USED  ONLT 
WHEN  COATING  BOTH  SIDES  OF  STRIP". 

L~5 

© On  the  four  small- diameter  (6- inch)  rolls  designated  as 

"B"  (slit  cylindrical  rubber),  the  "B"  designation  should 
be  crossed  out  and  the  word  "SQUEEGEES"  subs  ltuted. 
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PROPOSED  SPECIFICATION  "S-4"  FOR  CONTINUOUS-COIL  CLEANING  AND  PRIMING  LINE* 

Prepared  by  Hexeel  Products  Co.,  a division  of 
California  Reinforced  Plastics  Co. 
under  Contract  No.  AF  33(600)-23626 
(This  is  not  a Government  specification) 

I - INTRODUCTION 

I 

This  specification  is  to  be  used  in  conjunction  vith  drawings  L-4, 

L-5,  and  L-6.  It  supersedes  "Tentative  Specification  8-3'  and  Drawing 
1-3.  Applicable  drawings  referenced  herein  are  included  at  the  end 
of  this  specification. 

The  Intent  in  preparing  this  specification  is  to  provide  potential 
builders  and  users  of  the  equipment  with  a useful  guide  which  will  permit 
then  to  go  into  production  in  the  shortest  time,  vith  a minimum  of  devel- 
opment effort.  The  specification  is  not  intended  to  be  rigid  or  binding, 
but  is  offered  as  one  set  of  practical  conditions  which  appear  to  be 
optimum.  The  contractor  and  the  Air  Force  cannot  assume  responsibility 
for  the  mechanical  performance  of  the  line  or  for  safety  hazards  involved 
in  its  operation. 

The  purpose  of  the  proposed  line  is  to  apply  a protective  prime 
coating  of  resinous  adhesive  to  one  or  both  sides  of  continuous  webs  of 
heat-treated  clad  aluminum,  after  first  preparing  the  surfaces  of  the 
metal  for  adhesive  bonding.  The  primary  use  for  the  finished  material 
will  be  as  "facings'1  in  aluminum  honeycomb- sandwich  composite.  Nominal 
output  of  the  unit  is  to  be  approximately  3000  square  feet  per  hour. 

The  process  end  the  equipment  recommended  here  are  intended  to 
supplant  existing  batch  techniques,  which  are  not  optimum  from  the 
standpoints  of  cost,  capacity,  and  consistency  of  quality. 

The  following  outline  is  presented  for  the  convenience  of  the 
users  of  Proposed  Specification  8-4  : 

I - Introduction 
II  - Process  Requirements 

A.  Material  processed 

B.  Speed  renge 

C.  Process 

III  - Equipment  Requirements 

A.  Rolls  and  Tracking  Devices 

3.  Brakes  and  Drives 

C.  Splicer  and  Accumulator 

D.  Spray  Washer  and  Rinse 

* This  opacification  has  been  partially  superceeded  by  a supplement. 

Circled  numbers  and  arrows  havs  been  placed  in  the  right-hand  margins 
to  indicate  where  important  changes  have  been  made. 

(1) 
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35 . Acid  D*  i 

F.  Post -Ac  id  Rinse,  Drying,  and  Cooling 

0 .  Coat era 
H.  Oven 

J.  Shearing  and  Stacking  Line  (Separate  Accessory) 

IV  - Tabulation  of  Individual  Components , with  estimated  costs . 
V - Drawings:  L-4,  L-5>  L-6 

II  - Process  Requirements 

A .  Material  Processed 

Aluminum  coil,  10  to  48  inches  wide,  0.008  to  0.040  inches 
thick.  Maximum  weight  of  coils:  5000  lbs.  Oilsd  finish.  No 
stenciled  letters.  Arbor  dia.i  16  Inches. 


B.  Speed  Range 

5 to  20  Lineal  PPM  (Note:  This  range  was  quoted  as  "10  to 
35  FFM"  in  the  earlier  draft  of  this  specification.) 

C.  Process 


1.  Remove  oil  and  other  foreign  matter  to  give  water - 
break-free  surface  in  two-stage  inhibited,  commercial 
alkaline  spray  cleaner  at  170*  F,  approximately. 
Solution  must  not  dry  on  surface  before  rinsing. 


2,  Spray-rinse  at  13C*to  l40*F.  Remove  excess  rinse 
by  squeegee. 

3.  Dip  in  hot  (155*  to  l65*F)  solution  of  25^  sulfuric 
acid  and  sodium  dichromate,  contained  in  ceramic 
materials.  The  following  tentative  immersion  times 
apply  for  various  thickness  of  Ale  lad  24S-T3  mater- 
ial: 


Thickness  Time 

(Inches ) (Minutes ) 


0.008 

0.012 

0.016 

0.032 

0.040 


1-3/4 

2 

3 

6 

6 


(Note:  Commercial  "room-temperature'  spot-welding 
solutions  are  no  longer  offered  as  an  alternate.) 

4.  Rinse  in  two  spray  stages;  first  stage  to  be  a cool, 
recirculated  solution  containing  acid  carry-over, 
second  to  be  hot  (l3CTto  14q*F)  fresh  water.  Remove 
excess  rinse  by  squeegee. 

(2) 
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5.  Dry  thoroughly  in  vara  air  (not  to  exceed  150*F) . 

6.  Cool  to  85*F  (maximum). 

7<  Coat  one  or  both  sides  (normally  one  side)  of 
the  web  completely  and  uniformly  with  dilute 
resinous  adhesive,  applied  at  a solids  content 
of  the  order  of  7 to  12  pet.  Weight  of  dried, 
cured  solids  to  be  0.001  to  0.003  lbs/sq.  ft. 

8.  Immediately  after  the  vet  coating  is  applied, 
forced  drying  at  a moderately  elevated  tempera- 

ture  is  to  begin.  The  web  should  be  subjected  «-(2) 
to  an  approximately  uniform  temperature  gradient, 
starting  at  100*F  and  ending  at  300*F,  for  a 
minimum  period  of  1.2  minutes,  during  which  time 
the  solvents  will  be  removed  and  the  resins  will 
receive  a partial  cure.  Care  must  be  taken  to 
prevent  the  wet,  cool  coating  from  absorbing 
atmospheric  water  vapor  in  the  interim  between 
coating  and  entry  into  the  oven.  The  web  must 
not  be  allowed  to  come  in  contact  with  any  rolls, 
walls,  or  partitions  from  the  instant  of  coating 
to  such  a time  as  it  has  been  dried,  cured,  and 
air-cooled  to  a temperature  of  120*F,  approxi- 
mately. Before  coming  in  contact  with  any  rolls 
which  are  driven,  it  should  be  cooled  to  a maxi- 
mum temperature  of  90"F.  Water-cooled  rolls 
may  be  used  to  bring  about  the  reduction  from 
120* F to  90*F. 

9.  The  finished  coated  web  is  to  be  rewound  into 
coils,  at  a relatively  low  tension.  A protective  «-(2) 
web  of  nonreactive  material  such  as  polyethylene 

in  to  be  introduced  into  the  coil  as  an  Interleaf. 

The  finished  coils  will  be  removed  and  stored  in  a 
clean,  dry  place  until  such  a time  as  they  are  cut  • 
into  sheets  of  desired  size.  The  initial  cutting 
operation  will  be  combined  with  a "breaking"  opera- 
tion, which  will  give  the  sheets  a reasonable  degree 
of  f latnesB . 

Ill  - EQUIPMENT  REQUIREMENTS 

A.  Rolls  and  Tracking  Devices 

A minimum  diameter  of  12  Inches  will  be  maintained  where  the 
web  in  to  be  wrapped  about  any  roll  while  under  tension.  A web 
of  alclad  24S-T4  material  (minimum  yield  strength  - 42,000  PSI; 
modulus  - 10.6  x (I0)6)vhich  is  0.040  inches  thick  will  not  be 
stressed  above  its  elastic  limit  on  a 12 -inch-diameter  roll.  The 

(3) 
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calculations  are  shown  as  follows: 

Stress  in  outer  fibers : 


3 ■ E x web  thickness 

aluminum  roll  diameter 

- 10.6  (10)6  x 

- 35,000  PSI 

In  actuality , clad  sheets  have  been  found  to  show  some 
permanent  bending  under  conditions  which  should  not  exceed  the 
elastic  limit  of  the  outer  fibers.  This  contradiction  may  be 
explained  by  the  fact  that  the  outer  fibers  are  composed  cf 
“cladding''  alloys,  which  are  soft,  ductile,  and  low  In  yield 
strength.  In  the  opinion  of  the  contractor,  successive  per- 
manent deformations  In  the  outer  cladding  alone  do  not  bring 
about  a ' work  hardening  of  the  sheet  as  a whole,  and  earn  be 
overlooked  as  a criterion  in  the  selection  of  minimum  roll 
diameters . 


vN. 


Installations  which  are  mechanics  My  comparable  to  the  one 
proposed  herein  are  able  to  process  0.051- inch-thick  webs  of 
“non -heat-treatable"  aluminum  without  difficulty.  These  mater- 
ials have  substantially  the  same  modulus  but  are  much  lower  in 
yield  strength.  Evidently,  some  work -hardening  of  the  material 
is  tolerated  in  these  processes,  but  it  is  believed  that  the 
aircraft  industry  would  not  generally  favor  work  hardening  on 
heat-treated  alloys , 

The  design  of  the  system  must  avoid  conditions  which  would 
cause  scratching  of  the  web,  to  conform  with  most  existing  air- 
craft specifications. 

It  is  assumed  that  the  coiled  aluminum  received  for  pro- 
ceosing  will  contain  camber,  flatness  irregularities;,  short 
edge  fibers,  and  other  defects  common  to  coiled  (and  particularly 
heat-treated)  strip. 

Although  the  low  lineal  speed  should  favor  good  tracking, 
it  is  assumed  that  special  automatic  means  must  be  provided  to 
keep  the  web  centered.  Furthermore,  it  is  mandatory  that  rela- 
tively low  tensions  be  utilized.  The  "LORIG -ALIGNER"  system 
(patented  by  U.S. Steel,  Pittsburgh,  Pa.)  is  the  only  currently 
available  system  known  to  the  contractor  that  will  fulfill 
these  requirements.  The  drawings  attached  to  this  specification 
have  incorporated  the  " LORIG-ALIQNER"  system,  with  the  general  app- 
roval of  U.  3.  Steel.  Although  the  roll  layouts  are  believed  to  be 
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substantially  correct,  the  builder  should  review  the  design 
carefully  with  U.  8.  Steel  before  purchasing  and  installing 
any  part  of  the  line.  The  use  of  rolls  designated  a*  '’auto- 
matic self-centering"  and  "slit,  rubber  covered",  as  well  as 
the  use  of  the  accumulator  configuration.  Is  subject  to 
royalty  fees.  (Ordinary  full -cylindrical  rolls  and  narrow- 
bodied rolls  are  not  patented . ) 

It  should  be  noted  that  two  of  the  stoneware  rolls  have 
a narrow -bodied  configuration,  to  reduce  tracking  error. 

In  the  event  that  the  finished  coils  are  found  to  be 
poorly  wound,  as  a result  of  "camber*  error,  it  may  be  advis- 
able to  add  "ASKANIA"  tracking  eys terns  later  to  the  two  rewind 
stands.  The  "ASKANIA"  system  is  a lateral  correction  device, 
activated  by  two  air  Jets  which  sense  lateral  movement  of  the 
edges  of  the  web.  Since  the  degree  of  camber  error  in  wide, 
heat-treated  colled  aluminum  cannot  be  evaluated  at  this  time, 
it  Is  cot  knout  whether  such  a system  is  needed. 

In  order  to  Introduce  the  protective  interleaf  without 
wrinkling,  it  is  recommended  that  it  be  passed  over  an  "ex- 
panding" roll  of  the  type  manufactured  by  the  Mount  Hope 
Machinery  Company. 

B.  Brakes  and  Drives 

Available  Information  Indicates  that  the  horsepower  re- 
quired to  drive  a web  through  a process  of  this  type  is  pro- 
portional to  speed  and  brake  tension  only;  bearing  friction 
and  bending  of  the  web  are  negligible  factors. 

Referring  to  drawing  No.  L-4,  a tension  of  50  lbs.  has 
been  introduced  to  hold  the  web  flush  against  the  accumulator 
rolls.  It  Is  necessary  to  keep  this  figure  low  to  make  it 
equal  (nominally)  the  amount  of  tension  induced  by  the  dead 
weight  of  the  accumulator  when  it  is  in  operation. 

The  additional  tension  applied  between  the  accumulator 
and  the  spray  washer  must  bring  the  total  tension  up  to  a 
value  which  will  prevent  excessive  sag  in  the  long  catenaries 
through  the  acid  tank  and  oven.  Assuming  that  the  catenaries 
are  parabolas  , that  one  lineal  foot  of  4o- inch-wide  aluminum, 
0.040  Inches  thick  weighs  2.32  lbs.  in  air,  and  that  a maximum 
sag  of  fifteen  Inches  is  allowed  in  the  oven,  maximum  tension 
is  calculated  in  the  following  manner* 
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*1 


Tension  ■ (length)2  x (wt<  par  lineal  ft.) 

(0)  (sag) 

Unsupported  length  in  oven  and  cooling  tunnels t 38  ft. 
T oven  » 3 Q2  (2.32) 

6 Tit 25) 

- 33U  lbs. 

This  tension  would  give  the  following  sag  in  the  acid  tank 
(assuming  that  fluid  is  water  and  that  web  weighs  only  1.1*6 
lbs.  per  lineal  foot  in  this  medium) 1 


sag  - 0.60  ft. 


Since  the  sag  in  the  acid  tank  will  be  relatively  a sail,  the 
oven  is  the  ruling  catenary.  Maxima  tension  should  be  approoo- 
instely  / 350  lbs.*  of  which  50  lbs.  Is  supplied  as  a fixed 
amount,  ahead  of  the  accumulator. 

All  of  the  driving  torque  is  appliad  In  one  unit,  a four- 
roll  bridle.  The  maxlssa  design  horsepower  required  here  is 
determined  as  follows j 


Power  * tension  x speed 

- 350  lbs . x 20g_. 

357555-H^h#“< 


■ 0.2  HePe 


r 


A one -horsepower  motor,  in  combination  with  a variable -speed 
drive  and  a speed  reducer,  is  recommended  for  driving  the  bridle . 

The  tension  applied  by  the  rewind  drives  should  be  lew 
and  should  be  transmitted  through  adjustable  clutches. 

C - 8plicer  and  Accumulator  : 

The  accumulating  device  is  of  the  "dead -weight"  type.  The 
total  weight  of  the  rolls  end  carriage  should  be  four  times  the 
50  lb.  tension,  or  200  lbs.  A mechanical  pull-down  device  should 
be  included  to  positively  reposition  the  carriage  after  the 
splice  has  been  wade. 
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It  is  recommended  that  the  splicing  be  accomplished  by 
two  stitchers , having  throat  depths  of  approximately  25  inches . 
These  should  be  mounted  opposed,  across  the  centerline  of  the 
web,  on  rack-driven  carriages.  In  operation,  the  stitchers  would 
■sake  two  rows  of  stitches  across  the  splice,  at  four-inch  inter- 
vals. The  first  pass  would  bs  made  Inward,  from  the  edges  to 
the  center;  the  second  pass  would  begin  at  the  center  and  move 
outward  to  the  edges.  The  aovement  of  the  stitcher  carriages 
would  be  intermittent,  allowing  a short  dwell  for  each  stitch. 

The  stitching  wire  should  be  of  #lQ  ( 0. 0*475 -inch  dla.)  stain- 
less steel,  at  a tensile  strength  of  230,000  FSI.  A relatively 
flat  "clinch'*  should  be  given  to  each  stitch. 

While  the  stitchers  ware  in  action  the  two  overlapped  ends 
of  the  web  would  be  positioned  and  held  by  clsunp^d  pressure 
from  the  two  pairs  of  rubber- covered  "nip"  rolls,  which  would 
normally  be  fr&e-tureing,  and  spaced,  apart.  As  the  trailing 
edge  of  uhe  web  was  stopped  in  position  for  splicing  by  the 
clamping  action  of  ths  outfeed  rolls,  the  gravity -loaded  accu- 
mulator carriage  would  begin  to  rise.  The  operator(s)  would 
then  feed  the  leading  edge  of  the  new  web  through  first  set  of 
rolls,  lap  it  over  the  trailing  edge  of  the  first  coll,  clamp 
the  two  infeed  rolls,  and  actuate  the  dual  stitchers  for  their 
first  ps^s.  At  the  end  of  the  first  pass,  the  front  set  of 
clamp  rolls  would  be  loosened  and  ths  rear  set  would  be  allowed 
to  roll  so  that  the  splice  would  move  about  one  inch  with  res- 
pect to  the  splicing  heads.  On  completion  of  the  second  stitching 
pass,  the  remaining  set  of  clamped  rolls  would  be  released  and 
the  accumulator  pull-down  mechanism  would  be  actuated. 

D - Spray  Washer* 

The  spray  washer  shown  in  drawing  L-4  is  a more  or  less 
standard  straight-pass  unit,  used  for  applying  hot,  inhibited, 
non-foaming  alkaline  cleaners  at  high  velocities.  The  pressure 
capacity,  number  of  spray  heads,  e'«c.  should  be  adjustable.  The 
unit  should  be  built  with  two  sumps  having  independent  suction 
lines,  so  that  the  solution  can  be  replaced  without  stopping  the 
process.  Since  it  is  expected  that  the  solution  will  have  a 
relatively  short  life  on  oiled  material,  the  sumps  should  have 
a generous  capacity. 


The  material  should  not  be  allowed  to  dry  on  the  web  surface 
lie  tween  the  alkaline  wash  and  rinse . The  post-alkaline  spray 
rinse  should  be  hot  (l30-lUo*7)  and  variable  in  amount.  It 
should  not  be  recirculated.  A squeegee  (made  up  of  two  6-inch- 
dia.  slit  rubber  rolls)  should  be  provided  to  prevent  alkaline 
"drag -out"  from  reaching  the  acid  solution. 


5 - Acid  Dip 

The  acid  solution  should  be  maintained  at  an  average  tem- 
perature between  155  and  l65*F.,  with  the  least  possible  amount 
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of  temperature  gradient  throughout  the  tank. 

A careful  selection  of  materials  must  be  made  In  the  design 
of  the  tank  and  its  associated  fittings  and  accessories.  The 
solution  in  question  Is  composed  of  a strong  acid  and  a strong 
oxidising  agent  at  elevated  temperature.  Surveys  of  the  industry 
have  indicated  that  batch  tanks  of  stainless  and  plastic -lined 
tanks  have  not  held  up  veil*  vhile  ceramic  constructions  have 
appeared  to  be  adequate.  The  following  Is  an  itemised  Hating 
of  a number  of  possible  tank*  trim,  and  accessory  materials, 
with  comments: 

Ferrous  metals: 

The  corrosion  resistance  of  the  ferrous  metals  (with 
the  known  exception  of  "CARPENTERS.  STAINLESS  K0.2CCb")  la 
Improved  by  the  presence  of  sodium  dichromate . Stainless 
steels  which  ar#  exposed  to  temperature*  however*  are  subject 
to  attack*  particularly  at  welds*  and  are  not  suitable  as  a 
tank  material.  Ferric  ion  in  solution  Is  believed  to  be  a 
Contaminant  detrimental  to  the  process  and  the  use  of  ferrous 
metals  as  trim  should  be  avoided  where  possible.  Exceptions 
would  be  where  a stainless  steel  pumping  system  is  used  to 
drain  an  expended  solution*  where  an  expended  solution  might 
be  stored  (cold)  before  dumping,  and  where  a cold  rinse  con- 
taining drag-out  would  be  circulated.  In  no  case  should 
ordinary  carbon  steels  be  used,  hot  or  cold. 

Organic  Materials: 

Most  plastics  (including  polyvinyl  chloride)  are  subject 
to  oxidation  attack  by  the  di chromate , at  the  temperatures  in 
question.  Polyvinyl  chloride  is  believed  to  be  acceptable  for 
use  as  a membrane  where  temperat  ures  do  not  exceed  120* F,  and 
as  a hooding  material,  where  tenq>eratures  and  concentrations  are 
reduced.  "TEFLOH"  shows  no  apparent  ill  effects  from  immersion 
in  the  solution.  Polyethylene  has  not  been  evaluated.  All 
applications  of  organics  (Including  those  vhere  plastics  may 
serve  as  a binder  for  compressed  carbon)  should  be  reviewed 
with  caution. 

Ceramics  and  Stoneware: 

These  materials  are  believed  to  be  entirely  dependable. 

It  is  possible  that  some  types  of  fillers  or  mortars  ur~d  with 
acid-proof  brick  are  susceptible  to  oxidation. 

Lead: 


The  presence  of  lead  in  the  tank  may  be  detrimental  to 
the  v-'ocees.  (Ceramic  is  believed  to  be  a more  suitable  tank 
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material  than  lead  for  various  other  reasons . ) 

Aluminums 

Low-alloy  aluminum  (28,  3S,  etc.)  is  subject  to  slow  at- 
tack, but  has  a distinct  advantage  in  that  it  introduces  no 
directly  harmful  contaminants.  It  is  desirable  as  a material 
for  "trim"  pieces , provided  that  frequent  replacement  can  be 
tolerated.  Alloyed,  aluminums  are  not  suitable. 

Glass  and  Pyrexj 

Believed  to  be  entirely  suitable  for  lmserslon. 

Monels 

Unsuitable « 

Copper  /lioyst 

Not  evaluated. 


The  buyer  should  assure  himself  that  the  supplier  is  aware 
of  both  the  acidic  and  the  oxidising  characteristics  of  the  solu- 
tion, at  the  temperatures  in  question.  Where  any  doubt  aa  to  acid 
resistance  or  oxidation  resistance  exists,  the  supplier  should 
test  his  materials  in  the  laboratory.  A solution  of  one  part 
sodium  dlohromate,  ten  parts  concentrated  sulfurlo  acid,  and  thirty 
pert*  water  may  be  used  as  a test  medium.  The  temperature  and 
other  conditions  of  the  test  should  be  chosen  to  simulate  actual 
conditions . 

Steam  is  believed  to  be  the  best  medium  for  beating  the 
acid  solution.  As  far  as  is  known, there  is  no  objection  to  the 
direct  introduction  of  the  steam  through  nozzles.  Pressed  carbon 
la  preferred  to  ferrous  materials  for  submerged  heat-exchanger 
parts,  from  the  standpoint  of  solution  contamination. 

It  is  not  known  whether  steam  will  be  available  at  the 
eventual  location  of  the  unit.  For  this  ire  as  on,  a 15  H.P.  steam 
generator  la  Included  in  the  tabulation  of  Individual  components 
required  for  the  line. 

The  only  other  known  means  of  heating  this  solution  in  a 
ceramic  tank  is  by  electricity,  with  Pyrex  immersion  heaters . 

The  acid  tank  must  be  provided  with  a temperature  control 
and  a recording  device.  (Optimum  web  speed  for  a given  gage  is 
a function  of  acid  temperature . ) 
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The  tank  proposed  here  Is  relatively  long  and  some  atten- 
tion must  be  given  to  thermal  export ion . There  sure  a number 
of  methods  of  compensating  for  expansion,  and  no  one  method  is 
being  specified  here. 

In  order  to  protect  workmen  and  surrounding  equipment  from 
the  acid  fumes,  the  tank  should  be  thoroughly  covered,  and 
evacut '-.ed  to  a degree  which  will  provide  a sligl.*  negative  pres- 
sure at  the  openings.  Portions  of  the  hood  muet  be  easily  re- 
movable to  allow  access  to  the  web.  It  is  believed  that  poly- 
vinyl chloride  is  a satisfactory  material  for  use  in  the  hooding 
and  ventilating  equipment. 

The  contractor  has  not  experimented  with  stoneware  rolls, 
but  it  is  known  th/at  they  have  been  used  successfully  in  the 
strip-pickling  of  steel.  The  rolls  proposed  here  are  relatively 
large  in  diameter,  and  are  mounted  on  an  axis  above  the  top  of 
the  tank,  to  allow  the  bearings  to  be  isolated  front  the  acll 
atmosphere . 

The  disposal  of  deteriorated  aoid  solutions  represents  a 
problem  which  must  be  anticipated  by  both  the  equipment  suppliers 
and  users.  The  method  chosen  for  disposition  would  depend  on  the 
locality.  In  the  opinion  of  the  contractor,  a separate  storage 
vessel  for  hid  solutions  would  be  desirable.  Here,  the  acid 
could  be  cooled  to  a temperature  low  enough  to  permit  it  to  be 
hauled  away,  or  it  could  be  neutralised  and  dumped  in  a sewer. 
The  vessel  should  have  a capacity  somewhat  greater  than  that  of 
the  main  tank,  and  may  be  of  stainless  steel  construction. 

A corrosion -resistant  pumping  system  should  be  provided  to 
transfer  the  deteriorated  solution  from  the  main  tank  to  the 
storage  tank.  The  suction  line  for  tills  system  would  be  re- 
moved from  the  active  solution  in  the  main  tank  under  normal 
operating  conditions. 

P - Poet  Acid  Rinse  and  Drying! 

The  vost-aoid  rinse  has  been  shown  in  two  stages.  The  first 
rinse  Is  recirculated  cold  with  the  "drag-out"  contained  In  the 
water.  No  experimental  data  are  available  to  support  the  use  of 
a recirculated  acid  rinse,  but  it  is  considered  desirable  on 
other  comparable  processes.  A firnl  warm  rinse  is  not  optimum 
for  obtaining  good  adhesion, but  is  included  as  a concession  to 
ease  of  drying.  The  temperature  of  the  warm  spray  should  be  no 
higher  than  that  needed  to  assure  good  drying.  In  no  case  should 
it  exceed  lU03F.  The  vapors  from  the  rinses  should  be  vented 
off,  and  stainless  steel  or  other  corrosion-resistant  materials 
should  be  used  throughout. 

Local  ordinances  may  require  that  acidic  rinse  waters  be 
neutralised  before  dumping.  This  is  sometimes  accomplished  in 
automatic  systems,  in  which  given  amounts  of  caustio  soda  are 
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dumped.  Into  the  rinse  In  a sump.  A recording  controller  senses 
the  neutrality  and  maintains  a record  of  the  actual  pF  if  the 
waste  passing  into  the  sever,  for  inspection  by  city  officials. 

A vertical,  counter-flow,  gas-fired  heater  is  vised  to  dry 
the  web  after  the  last  rinse.  After  passing  over  the  two  narrow - 
codied  steel  rolls  at  the  top,  the  web  is  air  cooled,  prior  to 
coating.  It  is  absolutely  essential  that  the  web  be  dry  as  it 
reaches  the  coater(s). 

Q - Coivters 

The  system  should  be  capable  of  coating  either  the  bottom 
side  alone,  or  both  sides.  Normally  only  the  bottom  side  is 
coated,  and  the  top  side  must  be  kept  absolutely  clean  and  free 
from  adhesive. 

Research  conducted  by  the  contractor  has  indicated  that 
there  ia  no  "one -side -only"  coating  system  which  would  be 
capable  of  handling  all  thicknesses  from  0.0GB  to  0.040  inches. 

It  has  been  concluded  that  two  types  of  costers  are  required. 
These  ooatera  are  shown  in  soma  detail  in  drawing  No.  L-6,  at 
the  end  of  this  specification. 

Most  systems  for  coating  one  side  utilise  some  type  of  dry 
back-up  roll.  In  experiments  with  the  adhesive  in  question, 
the  contractor  has  never  been  able  to  keep  back-up  rolls  from 
becoming  wet,  when  coating  webs  thinner  than  about  0.020  inches. 
Excellent  coatings  have  been  applied  to  webs  as  thin  as  0.006 
inches  however,  from  a •reverse-roll"  system  having  no  back-up 
roll.  Here,  the  web,  under  tension,  takes  a slight  bend  about 
the  applicator  roll  to  maintain  even  contact.  It  is  doubtful 
that  this  system  would  be  dependable  on  heavy  gages  unless  ex- 
tremely high  tensions  were  used  to  smooth  out  flatness  errors 
from  heat  treating  and/or  rolling. 

Since  the  reverse  coating  roll  is  not  to  be  used  on  the 
heavier  gages  (0.005  inches  upward,  approximately ), the  roll 
diameter  has  been  shown  as  6 inches.  This  roll  may  be  of  steel, 
hard-chrome  plated.  Both  it,  and  the  hard -chrome -plated  doctor 
roll,  should  be  ground  smooth  and  true.  The  doctoring  gap  be- 
tween the  two  rolls  should  be  adjustable  from  0.002  to  0.010 
inches  by  a calibrated  mechanism.  The  rolls  and  pan  should  be 
enclosed,  except  for  a portion  of  the  applicator  roll, which 
will  protrude . The  entire  enclosed  unit  should  be  mounted  on 
an  adjustable  elevating  mechanism,  which  could  be  lowered 
rapidly  to  permit  splices  to  be  passed.  (Splices  carry  en- 
trapped liquids  from  the  aqueous  cleaning  operations  which 
would  otherwise  contaminate  the  adhesive.) 
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The  reverse -loll  coater  should  be  driven  through  a variable - 
speed  mechanism.  (The  optimum  peripheral  speed  of  the  roll  in 
the  reverse  direction  Is  nominally  equal  to  the  forward  web 
speed.)  The  electrical  equipment  must  be  explosion -proof . The 
doctor  and  applicator  rolls  should  be  geared  together  to  run  at 
the  same  peripheral  speed. 

The  best  configuration  for  coating  either  one  or  both  sides 
of  webs  greater  than  0.020  inches  or  0.025  inches  in  thickness 
has  appeared  to  be  a plain  set  of  doctored,  smooth,  resilient 
"squeeze  rolls".  This  configuration  is  similar  to  that  used 
in  standard  vaneer  coaters.  Here,  the  metering  of  the  adhesive 
onto  the  web  is  primarily  a function  of  squeeze  pressure.  Al- 
though higher  pressures  give  more  consistent  coatings,  tracking 
may  become  a problem  when  very  high  pressures  are  used.  Smoothly 
ground  rolls  give  much  better  results  than  do  grooved  rolls  with 
the  sullies ive  in  question.  (Grooved  rubber  rolls  are  also  unde- 
sirable because  the  grooving  causes  the  roll  surface  to  become 
very  susceptible  to  solvent  attack. ) 

The  squeeze -roll  center  should  be  mode  with  a high  degree 
of  durability  and  precision,  so  that  *t  my  be  counted  upon  to 
compete  with  the  reverse-roll  system  on  web  thicknesses  of  the 
order  of  0.0l6  or  0.020  inches , It  will  be  found  tha  solvent 
attack  on  the  rolls  of  this  machine  will  impair  its  ability  to 
coat  lighter  gages,  because  of  localized  swelling.  Experience 
has  indicated  that  a h'eoprene  of  70  Durometer  will  give  a rea- 
sonable service  life  with  the  solvent  system  in  question.  (Other 
types  of  rubber  may  give  better  results,  but  neoprene  is  gener- 
ally considered  to  be  as  good  as  any. ) It  should  be  possible 
to  re -grind  the  rolls  several  times  before  re-covering  them  with 
new  rubber. 

The  depth  of  rubber  on  the  applicator  rolls,  as  well  as 
its  hardness  and  degree  of  local  swelling,  will  determine  the 
lower  limit  of  gage  which  can  be  successfully  coated  on  one 
side.  A shallower  depth  should  reduce  the  lower  limit  on  web 
thickness,  but  would  also  tend  to  make  the  coating  less  consis- 
tent at  a given  squeeze  pressure.  As  a compromise,  a depth 
of  3/8  inches  is  proposed. 

The  following  details  are  recommended  for  the  squeeze - 
roll  machine “ j 

1 . Applicator  rolls  t 

Length : 52  inches 

Diameter!  8 inches  (min.) 

Covered  with  JO  Durometer  neoprene  to  a depth  of 
3/8  inches,  ground  smooth  and  true. 

2 . Doctor  rolls  t 

Diameter:  7 inches  (approx.) 
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May  be  geared  directly  to  applicator  rolls  or 
may  run  at  reduced  speed,  through  over -running 
clutch.  Accurately  calibrated  adjusting  screws 
to  be  provided  for  controlling  doctor  gap. 

3«  Babbitted  seal  plates  to  be  furnished  for  top 
rolls. 

4.  Height  of  lower  roll  and  pan  assembly  to  be 
quickly  adjustable,  vertically,  from  one  side 
of  machine,  so  thafc  web  splices  may  be  passed 
without  danger  of  squeezing  out  entrapped  liquid 
contaminants . 

5.  Top  applicator  roll  to  be  provided  with  adjust- 
able relief  springs  at  either  end,  to  prevent 
mechanical  damage  when  splices  are  passed  un- 
attended. (Normal  position  of  springe  to  be 
against  a stop,  with  all  resilient  deflection 
taking  place  in  the  rubber  roll  coverings . ) 

6.  Means  should  be  provided  foi  supplying  torque 
to  each  set  of  rolls,  individually,  to  substan- 
tially overcome  frictional  and  tractive  drag  on 
the  web.  The  magnitudes  of  theta  torques  should 
be  variable,  but  successful  operation  of  the 
machine  must  not  depend  on  synchronisation  of 
the  coster  drive  speed  with  the  web  speed. 

7.  The  coating  machine,  except  for  ite  electrical 
components, must  be  enclosed  to  prevent  excess- 
ive solvent  evaporation.  Parts  of  the  covering 
should  be  hinged  and  "blowout"  panels  must  be 
provided  to  minimise  explosion  hasard. 

8.  All  rolls  should  turn  on  ball  bearings  and 
should  be  mounted  so  as  to  be  replaceable  in 
a reasonably  short  time. 

9*  Adhesive  circulating  systems  should  be  provided 
for  maintaining  the  level  and  consistency  of  the 
charges  in  the  reservoirs  of  both  costers. 

Although  the  use  of  the  two  coating  machines  described  here 
appears  to  be  the  only  practical  means  of  coating  all  of  the  re- 
quired gages,  it  1b  recognized  that  specialists  in  the  coating 
field  may  wish  to  propose  alternative  methods . The  contractor 
wishes  to  emphasize  that  there  is  no  reason  why  other  methods 
should  not  be  applied  if  there  is  reasonable  assurance  that  they 
will  work.  The  following  are  "haste  criteria  for  proposed  designs: 

1.  The  system  must  not  depend  on  perfect 
straight -lino  tracking  of  the  web. 

(13) 
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2.  The  system  must  be  capable  of  coating  one 
side  only  of  vebs  as  thin  as  0.008  Inches 
(the  majority  of  work  will  be  on  0.016- 
inch  stock. ) 

3.  The  system  must  be  capable  of  coating  one 
side  only  of  wide  aluminum  webs,  as  thlok 
ib  0.0U0  inches,  which  may  contain  marked 
variations  in  flatness. 

4.  All  rolls  which  are  to  be  wet  must  be  In 
contact  with  the  stock  solution;  "transfer- 
roll”  systems  will  dry  up. 

H - Oven 

The  design  of  the  oven  shown  in  Drawing  C-3  la  tentative*-® 
only,  and  is  subject  to  improvement  or  modification  by  the  ac- 
tual buyer  and/or  fabricator.  The  contractor  wishes  to  em- 
phasize that  a careful  selection  of  safety  equipment  is  re- 
quired for  such  an  oven,  but  has  not  attempted  to  list  or 
specify  these  devices.  Safety  equipment  should  be  proposed 
by  the  oven  manufacturer,  and  reviewed  by  the  cognizant  insur- 
ance companies. 

The  temperatures  shown  on  the  drawing  are  arbitrarily 
selected.  It  will  undoubtedly  be  necessary  to  modify  the  tem- 
perature conditions,  after  the  unit  is  in  operation,  to  bring 
about  optimum  results.  To  this  end,  the  entire  heating  system 
should  have  enough  flexibility  to  permit  wide  adjustments.  The 
objective  of  the  builder  should  be  a uniform  temperature  grad- 
ient with  an  adjustable  slope,  rather  than  the  achievement  of 
the  actual  stage  temperatures  shown  on  the  drawing. 

The  magnitudes  and  directions  of  the  air  velocities  within 
the  oven  should  be  designed  to  avoid  distortion  of  the  web 
catenary.  The  openings  at  the  input  and  exhaust  ducts  should  be 
large.  The  inside  width  of  the  oven  should  be  approximately  si" 
feet,  to  allow  free  circulation  around  the  edges  of  the  46- inch 
web . 


The  following  design  computations  are  intended  to  support 
the  choice  of  air- flow  rates  and  heat  rates  shown  in  the  pro- 
posed design  on  Drawing  No.  L-4i 

1.-  Assumptions:  «— CD 

a)  The  general  configuration  and  temperature  locations 
are  those  shown  in  the  following  sketch: 

<u*) 
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b)  Maximum  weight  of  dried  adhesive  coating, 
applied  in  each  pass  « 0.003  lbs. /square  foot 
on  each  side. 

c)  Solvent;  Toluol  (most  critical  solvent 
in  assumed  mixture).  (Other  solvents  may  be 
ethyl  alcohol,  MEK,  dioxane,  ethylene  di- 
chloride,  and  secondary  butanol). 


"i 


| 

t 

f 


d)  Solids  content  of  mix;  7 pet.  (min.). 

e)  All  solvent  is  removed  in  the  oven. 
(Some  solvent  may  be  evaporated  In  the  open 
area  between  the  coating  rolls  and  the  oven 
entrance . ) 


f)  The  wet  adhesive  will  be  subject  to  "blush- 
ing" (pickup  of  condensed  water  vapor)  unless 
special  measures  are  taken  to  prevent  it  from 
reaching  a low  temperature. 

g)  The  coating  will  "boil"  excessively  unless 
care  is  taken  to  prevent  abrupt  rises  in  tem- 
perature. 


(15) 
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h)  A 1.2-minute  exposure  to  a nearly  uni- 
form temperature  gradient  increasing  from 
100T  to  300*7  will  give  adequate  drying,  *— (?) 
without  blushing  or  excessive  boiling. 

i)  A direct,  yas -fired  heat  exchanger  may  *— 
be  used,  provided  that  all  pertinent  safety 
devices  reco&iized  by  insurance  companies 

and  responsible  oven  manufacturers  are  in- 
corporated to  preclude  the  possibility  of 
explosion  of  either  the  solvent  or  the  fuel. 

J)  Insulation  loss  (Ovulation  ) im  approxi- 
mately 3000  BTU/mln. 

2 - Nomenclature  t 

Tt  temperature , deg.  7. 

W:  weight  rate,  air, lbs ./min 
Q:  constant -flow  internal  energy, 
available  at  70*7  (ambient), 

BOT/min. 

V:  volumetric  air  flow  rate,  Cj5M 
Cp:  specific  heat  (0.P4  BOT/lb/*7  for  air) 

3 - Design  Values  1 

(1)  Air  evacuation  to  remove  on*  gallon  of  Toluol 
at  "Lower  Explosive  Limit*  ("L.E.L.")  » 2360 
cubic  feet  (at  70*7) 

(2)  Evacuation  safety  factor  - 4. 

(3)  Wt.  of  Toluol  - 7.22  lbs. /gal. 

(4)  Air  density  at  70*7  - 0.075  lbs /cubic  foot. 

4 - Calculations: 

Bate  of  solvent  introduction: 

a)  Width  x Speed  x Solids  Deposited  x ( 1 - solids  content) 

( solids  content  ) 

- (4)  ft.  (20)  ft/ain  (.003)  lbs/sq.ft.  (1-.07) 

<-^n 

■ 3.19  lbs /min /side 

Total  solvent  introduction  (both  sides)  » 2 x 3.19 

- 6.38  lb  /min 


(16) 
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b)  Total  evacuation  required} 

(l)  Volumetric 

Vy  - (cubic  ft.  of  air  per  gallon  at  L.E.L)  x (Temp. correction) 

x ( 1 )x  (rate  of  eolvent  introduction) 

(lbs.  per  gallon)  x (safety  factor) 


- (2360  ft3 )( 460+120 )x(  1 ) gal 

( 46o+  ?0)  (7^)  1ST 


x 6.38  lbs/min  x 4 


Vy  - 9130  C!M  air  at  120*F 

( 2 ) Qi-avioetr  ic  t 

Wy  - (Volumetric  rate)  x (Temp,  correction)  x (density) 

- 9130  ft3/aln  (460+70  )x(.075)  lbs 

(555023)  m 

Wy  " 627  lbs/nln 

o)  Stack  Heat  Loss  t 

^etack  - WyCp  (120-70)  - 627  (0.24)(50) 

9s  tack  - 7520  BTU 

d ) Heat  Input : 

9in  - 9s tack  ♦Qinsulation  - 7520  ♦ 3000 

9ln  - 10,500  BTU/min  , ^ 
(or  630,000  BTU/hr) 

e)  Air  Weight  Rates} 

(1)  Through  heat  exchanger} 

wx  - 9m  - 10,520 

Cp  H5STO  r6T9*i(S3o) 

Wx  - 157  lbs/min  < — @ 

(2)  Through  cooling  stage  (W4) 1 
9a  m 9in 

(Wd  + wx)  Cp  (300-70)  - 10,520  HTO/mln 


Wd  - 10,520  - 157 
(0.24)(2W- 

- - 191.3  - 157 

(17) 
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(3)  Flow  through  last  damper  (Wc)i 

(One  half*  of  Insulation  lose  assumed  to  occur  in  300*  stage) 

^1  ” $in  " ^insulation 
<We  ♦ Wd  + Wx)  Cp  (225-70)  « 10,520  - 1500 


W„  - 9020  *(W^  + Ww) 

re>T?UKl55) 

- 243  - (34.3  + 156.5) 


< — 


Wc  - 51» 7 lbs/mln 

(4)  Flow  through  middle  damper,  (Wb)t 

(One  fourth  of  heat  loss  assumed  to  occur  in  225*  F stage) 
Q * Qin  “ 3/4  Qinsulation 

(Wb  ♦ Wd  + Wx)  Cp  (150-70)  - 10,520  - 3 x 3000 
wb  - 8270  - (51-7  + 34.3  + 156.5) 

Wa  - 188  lbs /min  < 

(5)  Flow  through  blower,  into  "anti -blushing"  chamber  (Wa): 

(One  fourth  of  insulation  loss  assumed  to  occur  in 
150*F  stage) 

Qgtaok  * %n  ~ insulation  loss 

(Wa  + Wc  + Wd  + Wx)(Cp)(l20-70)  - 10,520  - 3000 

(188  + 51.7  4-  34.3  + 156.5) 

Wa  - 196  lbs/mln 


W.  - 7520 

(o.a4)(5o) 


(6)  Air  Volumetric  & Gravimetric  Rates  and  Temperatures , 
Tabulated  (Volumetric  flows  are  shown  on  Drawing  L- 


w 

lbs /min 

T 

°F 

V 

CIM(at  temp) 

Through! 

a 

166 

70 

2610 

blower 

b 

l88 

70 

2510 

damper 

c 

51-7 

70 

damper 

d 

34.3 

70 

457 

cooling  tunnel 

X 

157 

70 

2090 

blower 

y 

657 

“TST 

9130 

blower 

have  not  been  computed.  Pressures  throughout  the 
oven  are  negative. 
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J - Shearing  and  Stacking  Line: 

The  shearing  and  stacking  line  is  a separate  accessory  to 
the  continuous  line  itself,  and  should  preferably  be  purchased  as 
a "package”.  Since  these  units  are  more  or  less  standard,  no 
drawing  Is  Included. 

A line  of  this  type  normally  consists  of  an  unwind  stand 
(a  "spool"  type  Is  preferable  to  a "cradle"  type),  a "breaker" 
which  drives  and  flattens  the  web,  a "hump- table"  or  other 
device  to  accumulate  a small  amount  of  slack  during  the  shearing 
period,  a shear,  and  a sheet  stacker.  Most  units  operate  at  a 
speed  of  the  order  of  100  to  200  feet  per  minute,  which  would  be 
very  generous  for  this  application.  The  breaker  in  this  case 
need  have  no  more  than  five  rolls.  (The  last  two  rolls  are  "nip" 
rolls  which  serve  to  drive  the  web  while  the  other  rolls  axe 
staggered  lr  order  to  flex  the  web  and  remove  the  curvature  In- 
duced from  the  previous  operation.) 

The  shear  should  be  capable  of  cutting  753 -T6  aluminum, 

O.OhO  inches  thick  and  48  inches  vide.  The  stacker  should  be 
able  to  accomodate  widths  from  Id  Inches  to  48  inches  and  should 
be  capable  of  controlling  the  length  of  cut  sheets  within  1/32 
Inches  from  12  inches  to  l4U  inches. 

The  entire  unit  must  be  able  to  process  the  web  without 
danger  cf  contaminating  it  with  lubricants,  etc..  The  material 
must  not  be  scratched  in  the  process. 

It  Is  suggested  that  the  pure  hauler  determine  if  the  protec- 
tive Interleaf,  introduced  In  the  final  colling  operation,  can  be 
successfully  passed  through  the  shearing  and  stacking  operation. 

If  not.  weens  should  be  provided  to  collect  it  on  a separate  spool, 
as  the  colls  are  sheeted. 

The  stacked  sheets  must  be  handled  with  care  and  should  be 
stored  In  a dry,  cool  place  until  bonded  into  sandwich  assemblies . 
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TABULATION  OF  INDIVIDUAL  COMPONENTS! 

(Rolls,  and  separate  accessories  are  listed  at  sad) 


QUANTITY 


EQUIPMENT  INSTALLATION* 
COST  COST 


Uncollars,  5000#  capacity 
l6"  Arbor  (no  brakes  required) 

Wire  Stitchers,  with  25"  throat 

Rack-driven  count  for  wire  stitchers 

2 Mountings  for  6"-dia.  clamp  rolls  on 
slther  side  of  stitchers  (leas  rolls) 

1 Brldls  for  50#-  drag  brake  (less  rolls) 

1 Accumulator  assenbly  with  provision 

for  3 fixed  and  2 movable  rolls  (less 
rolls)  sdbjeot  to  U.S.S.  Royalty 

1 Bridle  for  0-300#  drag  brake  (less 

rolls) 

1 Alkaline  spray  unit  (with  reservoir, 

pump,  sprays,  etc.) 

1 Post -alkaline  spray  rinse  unit 

2 Sets  ol  mounts  for  6"-dla.  squaagsa 
rolls,  with  bearings,  less  rolls 

1 38-rt.  ceramic  acid  tank  with  hoods, 

stack,  heaters,  and  steam -temperature-  • 
controlling  device . 

1 Post -acid,  two-stage  spray  rinse  with 

recirculation,  spray  heads,  etc. 

1 Vertical  drying  tunnel,  direct 

gas -fired 

1 Vertical  air-cooling  turns L 

1 Enclosed  reverse -roll  coster  with 

rolls,  elevating  assembly,  recircu- 
lating system,  and  drive 
(continued) 

* Assuming  Installation  Is  vlthin  500  miles  of  supplier 
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QUANTITY  I ITEM 


1 Enclosed  squeeze-roll  coater 

(modified  veneer  coater)  vith 
rolls,  motor,  recirculating 
system,  and  drive 


EQUIPMENT 

COST 


1 


Forced  exhaust -hood  system 
(over  coaters) 


1 


Four -stage  evacuated  even  with 
direct  gas -fired  heat  exchanger, 
and  interlocking  safety  control 
system 


1 


Four -roll  drive  bridle  with  motor, 
speed  reducer,  variable-speed 
drive  (less  rolls) 


2 Coilers,  5000 # capacity,  l6" 

arbor  with  motors,  clutches. 

8 Sets  of  mounts  and  bearings  for 
miscellaneous  rolls 


ROUS  (12"  dia.,  52"  long,  unless  otherwise  noted) 


k 

h 

2 

6 

7 

6 

1 

2 


6"-dia.  rubber- covered  (uis^'^p  rolls 
at  stitchers). 

6"- dia.  rubber-covered “L0RI0- 
ALIGNERwslit  fv 11- cylindrical 
(squeegees) 

Auto,  self-centering  (snubber 
type ) "LORIO-ALIGNER • 

Slit,  rubber-cove red"LORIG-ALIGNER',’ 
full- cylindrical 

Slit,  rubber -covered "LORIO-ALIGNER)' 
narrow-bodied  - 

Narrow-bodied  steel 

Full  cylindrical  stoneware,  16" 
dia. (with  bearings  and  mounts) 

Water- cooled,  hard -chrome  plated. 


I full  cylindrical  (with  fitting,  I 

I bearings , and  mounts ) I 

(continued ) 

* Assuming  installation  is  within  500  miles  of  supplier 

(21) 


INSTALLATION* 

COST 
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Mount  Hope  type  expending  roll* 
4"  die. 

ACCESSORIES  TO  CONTINUOUS  LINE  I 


Breaking,  shearing  and  stacking 
line,  48"  wide,  12“ to  144"  long. 
Five -roll  breaker.  Capable  of 
shearing  75S-T 6,  0.040  thick  at 
at  least  50  ft. /min. 

Stainless  steel  storage  tank, 

4000  gal.  capacity 

Acid-resistant  (metallic)  pump- 
ing system,  capable  of  pumping 
50  GFM  of  hot  acid  at  10  ft.  head 

Automatic  sewage  neutralizing 
system,  with  recording  pH  meter, 
capable  of  continuously  neutra- 
lizing 20  gallons  of  25  pet. 
sulfuric  acid  per  hr.  in  stain- 
less steel  sump 

Monorail  hand-operated  chain  hoist 
system;  1 ton  capacity  (centered 
over  line,  for  assembly  and  main- 
tainance ) 

Fork-lift  truck,  3 'ton  capacity 

15-H.P.  steam-generating  unit  for 
acid -tank  heaters 


Continuous  hot  water  supply  for 
maintaining  5 3FM  at  l40*F. 


* Assuming  installation  Is  within  500  miles  of  supplier 


AF  33(600)  23626 


s 


APPENDIX  V 


September  30,  19SU 

SUPPLEMENT  TO  PROPOSED  SPECIFICATION  S-5, 

MECHANIZED  CORE-PRIMINQ  AND  DRYING  LINE 

Prepared  by  Haxsal  Products  Co.,  a division  of 
California  Reinforced  Plasties  Co. 
under  Contract  No.  AF  33(600)-23626 
(This  is  not  a Government  specification) 

IMPORTANT i The  information  is  this  supplement  supersedes  that  in 
* Pro  posed  Specification  S-5",  where  applicable.  The  specification, 
itself,  was  prepared  during  the  performance  of  the  contract  and  was 
distributed  widely  among  manufacturers  of  ovens  and  coating  equipment, 
for  comment  and  criticism.  A number  of  important  revisions  were  sug- 
gested by  the  manufacturers.  Because  these  firms  have  beoome  familiar 
with  the  original  specification  and  have  retained  it  in  their  files, 
it  has  been  rejpublished  in  substantially  unchanged  form  in  the  final 
report  of  Contract  No.  AF  33(600)-23626.  The  important  revisions 
have  been  published  separately  in  this  supplement.  A number  of  minor 
typographical  corrections  and  improvements  in  clarity  have  been  made 
In  the  specification,  but  changes  of  this  type  have  not  been  shown 
In  the  supplement. 

The  revisions  contained  in  this  supplement  follow  the  out- 
line of  "Proposed  Specification  S-5"  • Each  revision  has  been  given 
a circled  number  which  is  also  ah./wn  in  the  margin  of  the  latest  print- 
ing of  the  specification  contained  in  the  Final  Report. 

INTRODUCTORY  MATERIAL  ON  FIRST  PAGE . 

(T)  Second  Paragraph  - Change:  "from  0.01  to  0.04  lbs /square  foot  . 

to  read  "from  0.002  to  0.0U  lbs/square  foot  . ." 

(2)  Change:  "..from  0.015  to  0.020  inches."  to 

read  "..approximately  .025  inches." 

(2)  Change:  "From  two  to  eight  double  passes..." 

to  read  "From  one  to  eight  double  passes..." 

Listing  of  components  at  bottom  of  first  page: 

(T^  Item  (2):  Change  "Oven  housing  and  direct, 

gas -fired  heat  exchanger. . . " to  read  "Oven 
housing  and  indirect-flred  heat  exchanger. 


I.  COATBR. 


Add  the  following  sentence  to  end  of  the  first  paragraph: 

© "A  standard  coating  system  using  a roll -metering 

system  is  not  suitable  for  the  coating  of  honey- 
comb core  material  with  viscous  metal- adhesives 
having  low -boiling  solvents." 

(6)  Add  sentence  to  sixth  paragraph,  under  "I",  starting  with 

"Experimental  results  suggest...",  as  follows: 
"The  depth  of  the  rubber  should  be  from  l/4 
to  3/8  inches." 
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Appendix  V,  Continued 

Supplement  to  Proposed  Specif ication  S-5,  Continued 


(?)  Eighth  paragraph,  starting  with  "The  lineal  speed  of  the  roller 

coater...."  Delete  the  second  sentence,  which 
reads,  "It  should  not  be  necessary  to  use 
variable” speed  drives"  and  substitute  the 
following  two  sentences:  "A  variable -speed 
drive  must  be  used  to  permit  relatively 
thick,  dense  slices  of  core  material  to  be 
processed  at  reduced  speeds,  in  order  to  pro- 
vide additional  oven  time  to  bring  them  to 
temperature . The  speed  range  should  be  ad- 
justable between  20  and  35  FPM . 

(fl)  Twelfth  paragraph,  starting  with  "The  doctor  gap  settings 

under  consideration. " Change  "0.030 

inches"  to  "0.020  inches". 


II . OVENf 


Add  the  following  two  sentences  to  the  end  of  the  first  paragraph: 

"One  source  of  explosion  hazard  which  should  be 
anticipated  is  the  possible  stoppage  of  the 
coater,  which  might  cause  the  honeycomb  cells 
to  become  flooded  with  an  excessive  amount  of 
adhesive  from  the  top  reservoir.  Ir  order  to 
prevent  this  condition  from  becoming  hazardous, 
it  might  be  necessary  to  provide  for  an  extira 
long,  automatically  controlled  interval  before 
the  burners  may  be  relighted,  to  allow  the 
flooded  material  to  pass  through  the  oven  at  a 
reduced  temperature. 


Design  Computations: 


A.  Assumptions: 

(l)  Sketch:  (Note:  The  oven  temperatures 
shown  on  this  drawing  are  now  considered 
inadequate,  since  the  cooling  effect  of 
the  material  will  cause  the  wet  surface 
to  be  at  a temperature  which  is  far  below 
the  temperature  of  the  surrounding  oven 
atmosphere . ) 

(@  Change:  the  temperatures  at  "K",  "L",  "M", 

and  "HEAT  EXCHANGER"  from  "150*",  "200#", 
"250*",  and  "300*r',  respectively,  to 
"200*" , "250*",  "3C0*”  and  "350*P" . 

(Q)  Change:  the  temperature  at  the  exhaust 

duct  from  "120*P"  to  "150*F" . 

(2)  Change:  "SPEED  - 35  FFM"  to  "MAX.  SPEED  - 

35  FIW" • 
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Supplement  t~  Proposed  Specification  S-5,  Continued 

( 7 ) file,  th  paragraph,  starting  vlth  "The  lineal  speed  of  thf*  roller 

coater...."  Delei  the  second  sentence,  which 
rends,  "It  should  n.  o be  necessary  to  use 
variable-speed  drives"  ar*d  substitute  the 
following  two  sentences:  "A  variable -speed 
drive  must  be  used  to  permit  relatively 
thick,  dense  slices  of  core  material  to  be 
processed  at  reduced  speeds,  in  order  to  pro- 
vide additional  oven  time  to  bring  them  to 
temperature . The  speed  range  should  be  ad- 
justable between  20  and  35  FFM. 

(5)  Twelfth  paragraph,  starting  with  "The  doctor  gap  settings 

under  consideration* . . . . Change  "0.030 
inches"  to  "0.020  inches". 


II.  OVENf 


Add  the  following  two  sentences  to  the  end  of  the  first  paragraph: 

"One  source  of  explosion  hazard  which  should  be 
anticipated  is  the  possible  stoppage  of  the 
coater,  which  might  cause  the  honeycomb  cells 
to  become  flooded  with  an  excessive  amount  of 
adhesive  from  the  top  reservoir.  In  order  to 
prevent  this  condition  from  becoming  hazardous, 
it  might  be  necessary  to  provide  for  an  extra 
long,  automatically  controlled  interval  before 
the  burners  may  be  -relighted,  to  allow  the 
flooded  material  to  pass  through  the  oven  at  a 
reduced  temperature. 


Design  Computations : 


© 

© 

© 


A.  Assumptions 

(l)  Sketch:  (Note:  The  oven  temperatures 
shown  on  this  drawing  are  now  considered 
Inadequate,  since  the  cooling  effect  of 
the  material  will  cause  the  vet  surface 
to  be  at  a temperature  which  Is  far  below 
the  temperature  of  the  surrounding  oven 
atmosphere . ) 

Change:  the  temperatures  at  "K" , "L",  "M", 
and  "HEAT  EXCHANGER"  from  "150*",  "200*", 
"250*",  and  "300*P*',  respectively,  to 
"200*",  "250*",  "300*"  and  "350*F". 

Change:  the  temperature  at  the  exhaust 
duct  from  "120*F"  to  "150*F" . 

Change:  "SPEED  - 35  FPM"  to  "MAX.  SPEED  - 
35  FEW". 
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Appendix  T,  Continued 

int  to  Proposed  Specification  S-5,  Continued 


(9)  Change  assumption  reading  "Thirty** second 
exposure  to  a nearly  uniform  temperature 
gradient  increasing  from  7 0*?  to  250*?.. . 
to  read,  “A  forty-second  exposure  (corres- 
ponding to  a maximum  speed  of  35  FFM 
through  a 24- ft . oven)  to  a nearly  uniform 
temperature  gradient,  increasing  from  70*? 
to  300#? " 

(10)  Delete  the  entire  sentence  reading,  "A 

direct,  gas  fired  heat  exchanger " and 

substitute  the  following: 

"An  indirect -fired  heat  exchanger  must 
be  used  to  pravent  the  condensation  of 
water  (a  product  of  combustion)  in  the 
coating.  All  pertinent  safety  devices 
recognised  by  Insurance  companies  and 
responsible  oven  manufacturers  must  be 
incorporated  to  preclude  the  possibility 
of  explosion  of  either  solvent  or  fuel." 

(11)  Change  Insulation  loss  from  2000  BTU/min. 
to  3000  BTU/min. 


D . Calculations : 


Note:  Ths  calculations  dealing  with  heat  and  air 
capacities  In  Specification  "S-5"  did  not  take 
into  account  the  amount  of  heat  required  to  warm 
the  mass  of  the  honeycomb  core  material.  Experienced 
oven  manufacturers  have  pointed  out  that  this  amount 
of  heat  becomes  excessive  where  thick  and/or  heavy- 
density  slices  are  processed.  The  most  pessimistic 
condition  would  be  where  four -inch -thick  slices  of 
honeycomb  having  a density  of  8 Ibs./cu.ft.  were 
processed,  but  this  condition  would  be  encountered 
so  infrequently  that  it  would  not  be  economical  to 
provide  sufficient  heat  capacity  to  anticipate  it. 
When  slices  having  moderately  high  heat  capacities 
are  processed,  the  lineal  speed  sho'ild  be  reduced 
to  approximately  20  PPM  to  provide  additional  drying 
time.  Unusually  heavy  slices  which  were  incompletely 
dried  at  a speed  of  20  FFM - could  be  given  an  addi- 
tional "dry"  pass  through  the  continuous  oven,  or 
could  be  placed  in  a batch  oven,  to  supplement  the 
original  drying  operation. 

In  general,  the  calculated  heat  input  of 
520,000  BTU/hr.  would  be  inadequate,  in  view  of 
the  higher  oven  temperatures  which  have  been  found 
necessary,  and  in  view  of  the  significant  amount 


A?  33(oOO)-23626 


AppenJix  V,  Continued 

Supplement  to  Proposed  Specification  S-J>,  Continued 


r 

I 


r> 


of  heat  required  to  warm  the  honeycomb.  The 
nominal  figure  should  be  Increased  to  approxi- 
mately 800,000  BTU/hr . (The  heat  exchanger 
should  have  a nominal  capacity  of  one  million 
HHJ/hr.)  The  input  air  would  be  at  a temperature 
of  350*F,  requiring  that  a flow  of  approximately 
200  lba. /minute  (2700  cfm  at  70*F)  be  passed 
through  the  heat  exchanger  to  Introduce  this 
amount  of  heat  into  the  oven  tunnel. 

The  velght  rates  of  cooling  air,  introduced 
through  the  tunnel;  and  through  the  dampers  and 
the  blower,  would  differ  from  the  calculated  values , 
but  these  changes  are  not  important  enough  to  be 
considered  in  this  supplement. 

There  appears  to  be  no  need  for  automatic 
controla  which  would  Insure  that  the  temperature 
at  the  exhaust  duct  stays  at  120*F.  So  far  as 
the  requirements  of  the  process  are  concerned, 
this  temperature  may  vary  from  100*F  to  150*F. 

The  conditions  within  the  oven,  when  no  work  la 
parsing  through,  should  be  set  to  provide  an 
exhaust  (stack)  temperature  of  1$0*F . The 
exhaust  air  capacity  should  be  increaaeSTrom 
BOOO  CFM  to  b*>00  CEM,  to  provide  sufficient 
evacuation  of  volatiles  at  this  Increased  tem- 
perature. The  other  equilibrium  conditions  in 
the  oven  should  be  set  ss  follows : 

1.  300*F  at  "H". 

2.  No  flow  through  "infeed"  opening. 

3.  200*F  approximately  at  "K". 

It  should  be  noted  that  it  is  not  necessary 
to  maintain  a fixed  temperature  gradient  througn- 
out  the  oven  at  all  times.  As  slices  of  honeycomb 
are  Introduced,  the  temperature  conditions  within 
the  oven  can  be  expected  to  change,  and  there  is 
no  Justifiable  reason  to  attespt  to  automatically 
compensate  for  this  change. 


Changes  In  calculations : due  to  Increase  in  temperatures  i 

Total  evacuation  required! 

(a)  Volumetric!  Change  Vy  from  8000  CFM 
to  8500  CFM. 

(b  ) Gravimetric ! (Unchanged ) . 

Stack  Heat  Loss! 

Change  Q stack  from  665O  BIU  to  10,500  HTU 

min.  min. 
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Heat  Input: 

Change  "Q  In”  from  8650  BlV/min.  (or  520,000 
BTU/hr . ) to  13,500  BTU/min . (or  800,000  BTU/hr. 

Air  Weight  Rates: 

(a.)  Change  Wx  from  157  lhs/min  to  200  lba/min. 
(b),  (c),  (d),  (e):  Cross  out  existing  numer- 
ical flow  rates  (Wd,  Wc,  Mb,  anti  We). 

(f)  Delete  entire  tabulation. 


DRAWINGS : 

@ C-3t 

© 

© 

@ 

® 

© 

@ C-*U 


Change  length  of  heated  portion  of  oven  from  ”18'  MINIMUM” 
to  "24'  MINIMUM".  (Add  six  feet  to  other  dimensions  affected 
by  change . ) 

Change  note  under  oven  to  read  as  follows: 

"2700  CFM  (at  70T)  HEATED  TO  350*F  IN  INDIRECT  - 
FIRED  HEATER". 

Change  temperatures  in  oven,  from  left  to  right, from  "150#F", 
,,200*F" , and  "250*F"  to  "200*r’,  "250*F",  and  "SOO'F", 
respectively. 

Delete  all  air  flew  (CFM)  rates  other  than  those  at  exhaust 
and  heat  exchanger. 

Change  speed  (shown  at  left  of  coater)  from  "35  FFM"  to 
"20  to  35  FFM” . 

Change  note  number  10  to  read: 

"INDIRECT -FIRED  HEAT  EXCHANGER  SHOULD  HE " 


Change  "Note  2"  from  "SPEED  * 35  FFM"  to  read: 

"SPEED  ADJUSTABLE  FROM  20  TO  35  FPM." 


Change  "Note  6"  to  read:  "....*0.020  INCHES, 
rather  than  " 0.030  INCHES " 
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APPENDIX  V,  Continued 

PROPOSED  SPECIFICATION  S-5  FOR  MECHANIZED  CORE-PRIMINg  & DRYING  LINE  * 

Prepared  by  Hexcel  Products  Co.,  a division  of 
California  Reinforced  Plastics  Co. 
under  Contract  No.  AP  33(600) -23626 
(This  is  not  a Oovernmant  specification) 

This  specification  is  to  be  used  in  conjunction  with  attached  Drawings 
C-3  and  C-4. 

The  purpose  of  the  proposed  line  is  to  apply  prime  coats  of 
resinous  metal  adhesive  to  the  surfaces  of  flat  aluminum  honeycomb  core 
material,  and  to  dry  them  in  place.  The  coating  should  be  consistent  in 
unit  weight,  and  in  depth  of  penetration  down  the  sides  of  the  cell  walls. 

Tho  unit  weight  of  the  coating  desired  here  is  from  0.01  to  0.04  lb  a/ square 
foot  (both  sides),  depending  on  the  strength  required  in  the  finished  sand- 
wich  composite.  Optimum  depth  of  penetration  is  from  0.015  to  0.020  inches  Kg) 
From  two  to  eight  double  passes  are  generally  required  to  place  a given  <— Q) 

amount  of  adhesive  prime  on  the  core  material. 

Aluminum  honeycomb  core  material  is  supplied  in  a number  of 
densities,  ranging  from  1.6  to  8.1  pounds  per  cubic  foot,  depending  on 
the  gauge  of  the  foil  and  the  size  of  the  cells.  Thickness  is  typically 
of  the  order  of  1/2  Inch,  but  flat  slabs  may  range  from  3/l6  to  4 Inches 
in  thickness.  Maximum  standard  "blanket"  dimensions  are  currently  30 
Inches  by  108  Inches,  but  are  expected  to  reach  46  inches  by  144  inches 
vl thin  a year. 

When  flexed,  a flat  slab  of  honeycomb  assumes  a "saddle"  shape 
rather  than  a uniform,  singly  curved  bend.  For  this  reaeon  large,  thin 
slabs  cannot  be  supported  locally,  or  at  their  edges  only,  in  a continuous 
processing  cycle.  Low-density  honeycomb  is  very  susceptible  to  damage 
from  handling. 

Medium- production  priming  of  honeycomb  core  is  currently  per- 
formed in  ordinary,  unhooded  veneer  costers  without  conveyor ization  or 
special  drying  techniques.  This  current  method  lacks  consistency  of  qual- 
ity and  large  production  capacity,  wastes  solvent,  and  creates  fire 
hazards  and  unhealthy  working  conditions.  Furthermore,  the  vet  adhesive 
coat  is  likely  to  be  smudged  or  removed  locally  in  handling.  This  speci- 
fication proposes  requirements  for  the  various  components  in  an  improved 
system,  for  the  convenience  of  potential  buyers  and  suppliers  of  the 
equipment.  It  is  not  intended  to  be  a rigid  specification,  but  a use- 
ful guide  in  the  selection  or  design  of  equipment.  The  contractor  and 
the  Air  Force  cannot  assume  responsibility  for  the  correct  functioning 
of  the  equipment  or  for  its  safe  operation. 

The  following  components  are  considered  necessary  to  the  process: 

(1)  Special  roller-con  ter  (suitable  for  use  either  Individually, 
or  as  a component  in  the  complete  line ) j 

(2)  Oven  housing  and  direct,  gas -fired  heat  exchanger,  with  (u) 

interlocking  Bafety  equipment  for  both* 

(3)  Special  driven  conveyor  system.  Incorporated  in  oven  housing) 

(4)  Non -driven,  cylindrical-roll  conveyor  tables) 

(5)  Room  air  evaouatore. 

* This  specification  has  been  partially  superceded  by  a supplement.  Circled 
numbers  and  arrows  have  been  placed  in  the  right-hand  margins  to  Indicate 
where  important  changes  have  been  made. 
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Proposed  Specification  S-5,  Continued 
These  components  are  described  in  detail,  as  follows : 

I - COATEH  (See  Drawing  C-4) 

The  contractor  has  conducted  extensive  research  on  core  coating 
variables,  with  metal  adhesives.  Excessive  solvent  loss  from  the  mix 
and  poor  doctoring  are  the  two  most  troublesome  factors  encountered  when 
using  a standard  roller  coater.  The  design  of  the  coater  with  the  special 
hooding  and  doctoring  arrangements  shown  should  nearly  eliminate  these 
difficulties.  < — (2) 

It  is  believed  that  the  mechanical  arrangement  shown  In  Drawing 
C-4  can  be  incorporated  in  most  standard  veneer  ooaters.  Notice  that 
although  the  doctor  rolls  have  been  removed,  the  doctor- adjustment . 
mechanisms  have  been  retained.  The  locations  of  the  blade  assemblies 
are  determined  by  plain  norrotatlng  shafts,  carried  in  the  existing 
"doctor-roll"  bearings. 

Experiments  have  indicated  that  the  use  of  a blade  in  preference 
to  a roll  completely  eliminates  the  tendency  of  the  to  form  ridges 
or  "stripes"  on  the  applicator  roll.  Furthermore,  the  agitation  and 
aeration  of  the  mix,  which  normally  accelerate  solvent  loss,  are  reduced 
to  a minimum  when  a blade  is  used.  Doctor-blade  metering  on  the  top  roll 
has  not  been  tried  by  the  contractor.  It  is  believed  that  the  blade  can 
be  made  to  form  the  bottom  of  a "side-plate"  reservoir  without  difficulty. 

The  drawing  Illustrates  one  possible  arrangement  for.  this  reservoir  system 

Although  do  specific  evaluations  of  hooding  wars  performed,  the 
contractor  feels  that  the  use  of  a hooded  machine  is  clearly  Justified. 

Parts  of  the  hood  must  be  easily  detachable  for  cleaning,  and  "blowout" 
panels  should  be  provided  to  minimise  explosion  hazards. 

Means  must  be  provided  for  continuously  observing  the  height 
of  adhesive  in  both  pans.  The  following  alternative  feeding  systems  are 
recommended: 

(1)  Gravity  feed  through  3/4 -Inch  pipe  regulated  by  accessible 
valve. 

(2)  External,  lips  covered  with  hinged  trapdoors  for  convenient 
hand  pouring. 

(3)  Other  systems,  adapted  to  easy  cleaning,  and  not  subject 
to  malfunction  due  to  high  viscosity,  tackiness'  , or 
low  sol*?ent  boiling  point,  (it  Is  believed  that  a 
pumping,  system  may  be  difficult  to  clean) . 

The  means  for  observing  and  controlling  reservoir  content  should  be 
clearly  stated  in  the  proposal. 


AF  33(000)23626 


284 


Appendix  V,  Continued 
Proposed  Specification  S-5,  Continued 


I 


r 


Experimental  results  suggest  that  smoothly  ground  rubber - 
covered  applicator  roll*  ore  superior  to  other  types.  No  tests  were  per- 
formed on  the  resistance  to  swelling  of  various  types  of  rubber,  but  It 
la  felt  that  a neoprene  of  70  Durcomter  nay  give  the  beet  results.  The 
user  should  anticipate  swelling  sad  should  have  extra  rolls  on  hand  to  /?x 
allow  regrinding  without  excessive  down  time.  t~(s) 


Electrical  equipment  used  in  conjunction  vlth  the  coater  should 
be  explosion -proof , and  must  not  be  enclosed  within  the  hood. 


The  lineal  speed  of  the  roller  coater  should  be  synchronised 
with  that  of  the  conve'ror  discs.  It  should  not  be  necessary  to  use 
variable -speed  drives. 


«-<z> 


Provision  for  rapid  and  accurate  adjustment  of  gap  heights  with 
one  control  should  be  made.  The  proposal  should  state  whether  this  con- 
trol is  calibrated  or  not.  To  afford  compatibility  with  the  conveyor 
pass  line,  only  the  upper  roll  should  be  adjustable  vertically. 

One  of  the  two  spreader  rolls  should  be  provided  with  adjust- 
able relief  springs  to  prevent  damage  from  off -thickness  materials. 

The  general  degrees  of  durability,  power,  and  precision  In- 
corporated In  the  coating  machine  should  be  of  the  same  order  as  in 
a standard  commercial  veneer  ocaur,  In  tbs  mediua-duty  class. 

Machines  in  the  low-price  alaas,  having  light  framing  and  small  roll 
diameters, have  been  found  to  be  generally  Inadequate.  The  power  and 
durability  requirements  are  not  so  high  as  to  Justify  the  modification 
of  an  ordinary  machine  to  give  "heavy-duty*’  service,  however. 

The  doctor- gap  settings  under  consideration  here  are  of  the 
order  of  0.030  Inches.  In  the  opinion  of  the  contractor,  thane  settings  *-(§) 
will  not  dictate  exceptionally  high  precision  din  the  contructlon  of  the 
doctor-blade  assemblies. 

The  requirements  given  here  are  intended  to  apply  to  machines 
used  individually  with  manual  feed  and  take-off,  as  well  as  to  those 
used  in  combination  with  a mechanised  drying  system. 

Most  coupe  tit  lve  coating  machines  have  individual  features 
which  affect  their  utility  and  price.  Those  features  not  covered  In 
this  specification  must  be  given  cor-aideratlon  by  the  prospective  buyer 
In  the  final  selection  of  a machine. 

n - OVEN  (See  Drawing  C-3) 

The  design  of  the  oven  sh on  in  Drawing  C-3  !■  tentative  only, 
and  is  subject  to  improvement  or  modification  by  the  actual  buyer  and/or 
fabricator.  The  contractor  wishes  to  emphasize  that  a careful  selection 
of  safety  equipment  la  required  for  such  an  oven,  .but  has  not  attempted 
to  list  or  specify  these  devices.  Safety  equipment  should  be  proponed 
by  the  oven  manufacturer,  and  reviewed  by  the  cognizant  insurance 
companion. 
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In  general,  It  Is  necessary  to  avoid  abrupt  Increases  in  drying 
temperature  with  tbs  solvent  system  shown,  in  order  to  avoid  excessive 
"boiling"  or  "frothing"  of  the  coating.  Low  temperature  in  combination 
with  high  relative  humidity  will  cause  a condition  called  "blushing" , in 
which  moisture  condenses  in  the  c eating  itself.  Blushing  shows  up  as 
a milkiness  or  cloudiness  of  the  coating,  and  is  detrimental  to  bond 
strength  in  the  finished  product.  It  can  be  reduced  or  eliminated  by 
warming  tbs  wet  coating,  reducing  relative  humidity,  or  raising  the  boil- 
ing point  of  the  solvents.  The  contractor  feels  that  the  incorporation 
of  a vara -air,  low- velocity  stage  at  the  Inlet  end  of  the  oven  will  pre- 
clude blushing. 

The  proposed  minimum  length  of  the  oven  is  believed  to  be  ade- 
quate, but  it  is  not  supported  by  accurate  experimental  data  or  computation 
The  user  would  undoubtedly  find  that  a longer  oven  would  require  less  eriti 
cal  conditions  of  use. 

The  temperatures  shown  on  the  drawing  are  arbitrarily  selected. 

It  will  undoubtedly  be  necessary  to  modify  the  temperature  conditions 
to  bring  about  desired  results.  To  this  end,  the  entire  system  should 
be  built  with  enough  flexibility  to  allow  a wide  range  of  adjustment . 

The  goal  of  the  final  design  should  be  a unifora  increasing  temperature 
gradient  with  an  adjustable  slope,  rather  than  the  achievement  of  the 
actual  stags  temperatures  shown  on  the  drawing. 

The  magnitude  and  directions  of  the  air  velocities  in  the  even 
should  be  adjusted  to  avoid  blowing  the  material  off  the  aomreyor.  Areas 
formed  by  tunnels,  baffles,  and  exhaust  duots  should  be  made  as  large  as 
possible . 

The  oven  housing  should  be  equipped  with  blowout  panels  whioh 
are  easily  removable  for  access  to  the  conveyor  system.  (Prospective 
bidders  should  note  that  the  conveyor  system  is  closely  integrated  with 
the  oven.) 


The  following  are  design  calculations,  intended  to  support  tbs 
choice  of  air  flow  rates  and  heat  rates  shown  in  Drawing  C-3» 


Design  Computations 

Note:  These  computations  are  intended  only  to  serve  as  a 
guide  in  estimating  tbs  cost  and  feasibility  of  the 
proposed  oven  unit.  Ultimate  responsibility  for  the 
safety,  practicability,  and  configuration  of  any 
actual  unit  is  to  be  divided  between  the  buyer  end 
the  builder  according  to  their  own  agreement. 
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Appendix  V,  Continued 
Proposed  Specification  S-5,  Continued 


A - Assumptions 

(1)  The  general  configuration  and  temperature  location*  are 
those  shown  In  the  figure  below  i 


STACK 

“Ji 


^stack 


COOLING  ZONK 


insulation 


i r l 

(NO  FLOW) 


"ANTI-BLUSHING* 

CHAMBER 


~X<Q 


3 OOF 


DIRECTION  OF  WORK. 
SPEED  = 3$  FPM 


•/ 


HEAT  EXCHANGER 


4 — © 


(2)  Maximum  weight  of  dried  adhesive  coating,  appliod  in  each 
pass  (both  sides)  ■ 0.010  lbs. /square  foot. 

Note  : In  coating  experiments  conducted  In  the  contract, 
this  figure  has  never  exceeded  0.005  lbs. /square 
foot.  A factor  of  two  has  been  applied  to  eULow 
for  errors  In  doctor  adjustment,  etc. 

(3)  Solvent:  Toluol  (other  solvents  maybe  ethyl  alcohol, 
MEK,  ethylene  dlohlorlde,  and  secondary  butanol). 

(4)  Solids  content  of  mix:  20  pet.  (min.) 

(5)  All  solvent  is  removed  In  the  oven.  (Some  solvent  may 
be  evacuated  In  the  open  area  between  the  coating  rolls  and  the  oven 
entrance . ) 
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(6)  The  wet  adhesive  will  be  subject  to  blushing  (pickup 
of  condensed  water  vapor)  unless  special  measures  are  taken  to  prevent  it 
from  reaching  a low  tesporature . 

(7)  The  coating  will  "boll"  excessively  uvless  care  is  taken 
to  prevent  abrupt  rises  In  temperature . 


(8)  It  will  not  be  necessary  to  remove  all  traces  of  solvent. 
' final,  solids  content  of  about  90  pet.  would  probably  be  optimum.  (Over- 
night air  Ary  will  usually  give  approximately  85  pet.  solids. ) 


(9)  Thirty-second  exposure  to  a nearly  uniform  teaperature 
gradient  increasing  from  70 °F  to  2$CP?  will  give  adequate  drying*  with- 
out blushing  or  excessive  boiling  . 

(10)  A direct*  gas-fired  heat  exchanger  may  be  used*  pro-  < — <© 
vided  that  all  pertinent  safety  devices  recognized  by  insurance  companies 
and  responsible  oven  manufacturers  are  incorporated*  to  preclude  the  pos- 
sibility of  explosion  of  either  the  solvent  or  the  fuel. 

(11)  Insulation  loss  (Q  insulation)  is  approximately  2000  BTU/min. 
B - Nomenclature 

T:  temperature*  deg.  F. 

W:  weight  rate*  air*  lbs. /min. 

Q:  constant-flow  internal  energy,  available  at  TO10*1 
(ambient)*  BTU/min. 

V:  volumetric  air  flaw  rate*  CFM 
Cp:  specific  heat  (0.24  BTO/lb/°F  for  air) 


Design  Values 


Air  evacuation  to  remove  one  gallon  of  toluol  at  "lower 
Explosive  Limit  ("L.E.L.")  . 2360  cubic  feet  (at  70°F) 

Evacuation  safety  factor  - 4. 

Wt.  of  toluol  . 7*22  lbs./e»l. 

Air  density  at  70°F  - 0 075  lbs. /cubic  foot. 


Calculations 

(l)  Rate  of  solvent  introduction: 

Width  x Speed  x Solids  Deposited  x (l  — solids  oontent 

( solids  content 

. (4)  ft.  (35)  ft/mln  (0.01)  lbs/sq.ft.  (0.8) 


5.6  lbs/min. 
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(2)  Total  evacuation  required:  * <0 

a)  Volume  trio 

Vy  ■ (cubic  ft.  of  air  per  gallon  at  L.I.L. ) x (Utmp.  correction) 

x ( 1 ) x (rate  of  solvent  introduction)  x (eafety  factor) 

(TVie/gST) 

a (2360)  ft3  (460+120)  x (1)  aal  * 5-6  lbs/nin  x 4 
(46o  + VO)  (7*22)  157 

yy  ■ QOOO  CTM  air  at  120°F 

b)  Gravimetric : 

Wy  ■ (Volumetric  rate)  x (terns,  correction)  x (density) 

. 3000  ft3/ain  (460  + 70)  x (.075)  lbs. 

USOFlitf  H3“ 

wy  s 552  lba/mln 

(3)  Stack  Heat  Loss! 

Setack  - Wy  C (120-70)  • 552  (.24)  (50)  _ 

Qstack  , 6650  BW/ain 


(4)  Heat  Input: 

^Ln  a ^ataok+  ^insulation  a 66c,>+  2000 

%n  , 6650  BTU/nin 

(or  $20,000  BTU/hr) 

(5)  Air  Weight  Rates: 

(a)  Through  heat  exchanger! 

“x  • ^in  * 8650 

wx  = igLaate 


(b)  Through  cooling  stage  (Wd)i 
Q|  ■ Qln 

(wd+ vQ  Co  (250-70)  . 8650  BTU/min 

* • bmm* {ieo1 


Wd  a 43.5  lba/min 


(c)  Plow  through  last  damper,  WQ 

(One-half  of  Insulation  loss  assumed  to  ocaur  in  250^  stage) 

* ®in  - 1/2  ilatloa 
(W0+  wd+  wx)  Cp  (200-70)  « 8650  - 1000 
wc  - 7650  - (^T+43.^.24)  (130) 

Wc  , 45  lbs/min 
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( d)  Flow  through  middle  daaper,  W^, : 

( One-fourth  of  insuJation  lots  assumed  to  occur  in  20CPF  stage) 
m Qin  - 3/4  ^insulation 
(Wb+W^  W**  wx)  Cp  (150-70)  » 8650  - 1500 
«b  « 7150  ~ (t?  -<‘al>)  (80) 

Wb  = 127  ^be/gjg 


(e)  Flow  through  blower,  into  "antiblushing"  c hasher,  Wai 

(One-fourth  of  insulation  loss  assumed  to  occur  in  150°F  stage) 
Qstaok  “ Qln  * insulation  losa 

(wa  ♦ Wb  ♦ vrc  ♦ Wd  ♦ wx)  (cp)  (120  - 70)  - 865o  - 2000 
Wt  - USOjzlm r+u  + U3.5  ♦ 157)  (.24)  m 

nscnicr 


Wa  - 161  lba/mln 


(f ) Air  Volume  trie  & Gravimetric  Bates  and  Temperatures,  Tabulated: 
(Volumetric  flows  are  shown  on  Drawing  0-3; 


W 

T 

V 

Flow 

lbs/min 

of 

CFM  (at  t mmi?) 

Through: 

a 

181 

7CF 

2400 

blower 

b 

127 

7CF 

1700 

damper 

c 

45 

7CF 

600 

l .super 

d 

43.5 

70F 

580 

cooling  tunnel 

X 

157 

7CF 

2100 

blower 

y 

552 

12CF 

8000 

blower 

Rote: 

Air  velocities, 

duct 

diameters,  and  damper  openings 

have  not  been  computed.  Pressures  throughout  the 
oven  are  negative . 


Ill  - DRIVER  COOVEYDR 

It  la  necessary  to  convey  the  wet  material  through  the  oven  with  a 
minimum  of  actual  contact,  and  with  no  elds  interference.  It  is  probable 
that  the  width  of  sene  slabs  my  run  as  low  as  10”,  while  others  will 
approach  48".  For  this  reason,  a "four -and -five -v?  eel"  conveyor  system, 
with  the  inboard  wheels  closely  e paced,  is  recoasanded. 
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The  contractor  has  tested  sharp-edged  rollers  ee  a conveying 
aedltss  for  wet  core.  The  result*  indicated  that,  although  there  vac  no 
significant  loss  of  adhesive  frost  the  cor*  to  the  discs  locally,  the 
discs  did  tend  to  accumulate  boms  adhesive  on  their  edges,  vhen  in  con- 
tact vith  very  fresh  material.  For  this  reason,  it  is  recommended  that 
a system  of  adjustable  knives  be  installed  for  continually  cleaning 
the  discs  on  the  first  five  or  six  shafts.  The  contractor  suggests  that 
these  knives  consist  of  individual  plates  having  a V notch  ground  to 
the  same  angle  as  the  discs. 

The  possibility  of  heat  distortion  should  be  anticipated  in  the 
design  of  the  roller  and  cleaning- knife  assemblies . 

In  order  to  reduce  vet  adhesion  and  to  prevent  sparking,  the 
discs  should  be  of  brass. 

In  the  event  that  the  conveyor  Is  contracted  separately  from 
the  ores,  a close  liaison  should,  be  xiphoid  to  assure  that  the  two  are 
compatible*  It  is  essential  that  all  of  the  discs  be  accessible  for 
inspection,  end  vi re  brushing  at  periodic  intervals.  The  conveyor 
drive  and  bearings  should  be  outboard  to  escape  heat  effects. 


iv  - nonhuven  cohvcyor  tabizs 


The  conveyor  tables  should  be  designed  vith  brass  or  steel 
tubular  rollers,  pitched  six  Inches  apart.  The  run-out  conveyor  Is 
inclined  so  as  to  tip  the  slices  off  the  driven  disco  before  and  abrading 
action  can  taka  place. 

It  is  suggested  that  the  potential  buyer  eventually  give 
consideration  to  the  substitution  of  a commercial  sheet  stacker  for  the 
run-out  conveyor.  This  additional  mechanization  would  permit  operation 
vith  a three-nan  (or  possibly  a two-man)  crew  Instead  of  a four-man 
crew.  Before  inviting  bids,  the  potential  buyer  of  a stacker  should 
determine  by  actual  test  if  horse  ye  onto  can  be  handled  in  various  types 
of  units,  sad  if  damage  from  the  "drop"  is  likely.  A return  conveyor 
system  would  be  another  desirable  refinement. 

In  the  actual  operation  of  the  unit,  the  slabs  should  be 
inverted  between  each  pass  to  equalize  uneven  doctoring  conditions  In 
the  top  and  bottom  coating  assemblies. 


V - ROOM  VENTILATION 

The  air  evacuation  rates  shown  at  the  overhead,  hoods.  In 
Drawing  C-3,  are  arbitrarily  selected,  and  should  oe  checked  by  a 
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qualified  ventilation  engln.  tr.  A significant  amount  of  vole  tiles  can  be 
expected  to  evaporate  in  tbs  open  space  between  the  coater  and  the  oven. 
It  is  expected  that  ecus  residual  solvent  nay  be  carried  vith  the  core 
material  out  of  the  oven. 

Because  of  the  toxic  effects  of  the  solvent  mixture  (assume 
ethylene  dichloridt)  ventilation  must  be  engineered  for  acceptable 
health  standards.  High  labor  turnover,  lost  time  from  Illness,  high 
accident  rates,  and  long  rest  periods  will  be  incurred  if  the  toxic 
and  narcotic  effects  of  the  solvents  are  not  fully  recognised  and. 
controlled. 

It  is  probable  that  solvent  concentrations  may  be  found  in 
the  region  of  the  floor,  dictating  additional  Ventilation  here* 


A mandatory  portable  accessory  to  tbs  core -priming  11ns  is 
a solvent- concentration  meter,  having  sensitivities  capable  of 
measuring  concentrations  in  both  the  "explosion"  and  the  "health" 
ranges. 
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AFFBBDIX  VI 


EXPLORATORY  IHVSSW0ATIOR  OF  SHEAR  -TEBSIIE  CORRELATIOIf 


Although  a considerable  amount  of  date  vae  collected  in  this 
project  relating  flatwise  tensile  strength  and  peel  strength  to  various 
material  and  process  parameters,  it  became  apparent  that  these  date  in 
themselves  wen.  not  of  immediate  value  to  the  designer.  8urvey  information 
revealed  that  can y firms  engaged  In  the  manufacture  of  aluminum  honeycomb 
sandvlch  did  not  directly  relate  the  service  properties  of  the  bond,  such 
as  flexural  sheer  strength,  to  bond-strength  values.  Although  there  was 
a general  agreement  that  bond  strength  had  to  be  above  e certain  level  of 
quality  to  assure  that  shear  strengths  were  iqibeld,  no  attempt  had  ap- 
parently been  made  to  quantitatively  relate  bond  strength  to  flexural 
shear  strength. 

Some  manufacturers  considered  that  the  inherent  strength  of 
the  adhesive  formulation  determined  whether  or  not  the  core  sheer  strength 
was  developed  by  an  adhesive  bond.  The  quantitative  stud lee  conducted  in 
this  project  definitely  Indicated  that  bond  properties  such  as  flatwise 
tensile  strength  were  Influenced  by  bond  weight  end  a number  of  other  factors. 
It  seemed  probable  that  the  sheer  strength  at  the  interface  between  the  core 
and  faclnge  should  follow  the  ease  general  trends  as  flatwise  tensile  strength 
and  that  the  tensile  strengths  and  shear  strengths  In  this  plane  sight  be 
in  themselves  very  closely  related. 

It  wee  decided  to  conduct  an  exploratory  program-,  using  one 
adhesive  Only,  but  Introducing  several  other  variables,  to  determine  If 
e correlation  between  sheer  strength  In  the  bond  and  band  flatwise  tensile 
strength  existed.  This  work  wee  performed  with  "FM-U7"  using  relatively 
light  adhesive  lines,  in  order  to  avoid  failure  In  the  core  Itself.  The 
control  cure  in  the  project  (5  mlnuterf  preheat  at  contact  presatire;  60 
minutes  at  3^5°F,  315  pel)vas  used  on  all  these  panels.  It  should  be 
noted  that  the  cure  In  itself  may  be  a significant  parameter  in  the  cor- 
relation. Facing  thickness  on  most  of  the  panels  was  0.051  Inches;  some 
panels  were  made  vlth  0 . 06U  -inch  and  0 . 040 -Inch  facings.  Except  In  the 
case  of  the  0.0^0 -Inch  facings,  which  were  aided  75S-T6,  all  faclnge  were 
aided  2l*8-T3.  Two  core  densities  in  the  l/U-lnch  cell  site  were  used. 

In  the  l/8-lnch  cell  else,  only  the  S-pound  (nominal)  density  vae  used. 

Core  thickness  was  varied  In  two  instances,  but  the  balance  of  the  cores 
were  all  0.625  Inches  thick. 

Sixteen  panels  Incorporating  these  parameters  were  fabricated 
and  tested.  Flexural  shear  and  flatwise  tensile  tests  were  performed  at 
room  tempereture  and  180°F.  Edgewise  compressive  tests  were  performed  at 
room  temperature  only. 

For  the  flexural  tests,  two  specimens  from  each  panel  were 
cut  three  inches  by  eight  inches,  with  the  ribbon  direction  parallel  to 
the  eight-inch  dimension.  All  of  the  flexural  specimens  were  simply 
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supported  over  & six- Infill  span.  The  load  vac  applied  at  aldspaa  at  a 
uniform  rate  of  approximately  1,000  lb s/minute,  resulting  In  a total 
Toeing  time  of  approximately  two  to  three  minutes.  The  Wo  support 
pads  and  the  slngl*  loading  pad  measured  one  inch  by  three  Inch**  and 
1-1/2  inches  by  three  laohss,  respectively. 

The  testing  methods  used  on  the  flatwise  tensile  specimens 
are  detailed  In  Appendix  II  of  this  fleport.  From  two  to  five  one -inch- 
square  specimens  from  each  panel  were  pulled  at  each  test  temperature. 

One  three- inch  by  2-1/2 -inch  edgewise  compressive  specimen 
was  cut  from  each  panel,  milled  sauare,  and  tested  at  room  temperature. 

The  load  was  applied  over  the  2-1/2  -Inch* vide  surfaces,  in  a direction 
parallel  to  the  core  ribbons.  The  clamps  ueed  to  restrain  the  ends  were 
7/8  Inches  in  height. 

Tests  at  elevated  temperatures  were  perform*!  with  the 
same  fixtures  used  In  the  room  temperature  tests.  The  fixtures  were 
enclosed  within  an  electrically  heated,  thermostatically  controlled 
oven  having  forced  air  circulation.  The  load  was  applied  as  soon  as 
the  specimens  reached  test  temperature,  as  determined  by  thermocouples 
located  In  the  tensile  specimen  blocks  and  In  the  unstressed  portions 
of  the  flexural  shear  specimens . 

The  values  of  flexural  shear  strength,  shown  in  Table  30 
at  the  end  of  this  appendix,  were  Obtained  from  the  simplified  formula, 

Sb  = P . where 

bW 

6s  z shearing  stress,  psi 

P - load,  lba. 

b s specimen  width,  inches 

h « total  panel  thickness,  inches 

c ■ h - 2f , where  f ■ facing  thickness  in  inches. 

(In  this  evaluation,  c vas  assumed  to  equal  core 
thickness  before  bonding.) 

It  was  assumed  that  the  shearing  stresses  developed  In  the  horizontal 
interface  were  equal  in  magnitude  to  the  shearing  stresses  developed  within 
the  core.  Theoretically,  the  flexural  (hearing  stresses  In  the  bond,  in  a 
sandwich  structure  having  a low -density  core,  tend  to  approach  but  do  not 
equal  the  stresses  developed  in  the  neutral  axis  of  the  panel.  In  a homo- 
geneous rectangular  beam,  shearing  stresses  would  be  at  a maximum  at  the 
neutral  axis,  and  would  vary  parabollcally  through  the  section  until  they 
reached  zero  at  the  outer  fibers.  In  a sandwich  structure  which  is  loaded 
in  flexure, a portion  of  the  shearing  stress  1b  contained  by  the  facings. 
Shear  stress  le  at  e relatively  high  level  In  the  plane  between  the  core 
and  the  facings,  and  rises  parabollcally  to  a somewhat  higher  level  in  the 
neutral  axis  of  the  panel.  The  relative  difference  between  the  stress  in 
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the  bond  «nd  the  stress  In  the  neutral  axis  la  Influenced  b/  the  thicknesses 
of  the  core  and  facings,  and  by  the  density  of  the  core.  An  empirical 
relationship  between  the  flexural  shear  and  the  flatwise  tensile  strengths 
of  the  bond,  of  the  type  sought  In  this  exploratory  Investigation,  would 
undoubtedly  be  influenced  by  the  dimensions  of  the  panel* 

The  tabular  results  of  the  Investigation  are  shown  In  Table 
30  at  the  end  of  this  appendix.  Oraphloal  results.  In  which  flexural 
shear  strength  was  plotted  against  tensile  strength  at  the  temperature 
In  question,  are  shown  In  Figures  89,  90,  91,  and  92.  Figures  89  and  90 
represent  an  8 -pound -per -cubic -foot  (nominal)  core  density,  In  both  the 
l/i  -Inch  and  l/4-lnch  cell  sizes.  Figures  91  and  92  represent  a six- 
pound  -per  -cubic  -foot  density  In  the  l/t-inch  cell  size  only. 

The  graphical  results  In  figures  89  through  92  were  adjusted 
to  compensate  for  known  core -density  variation*  about  each  nominal  density. 
The  uncorrected  "shear  vs.  tensile"  points  tout  adt  shown  a correlation  when 
plotted  together.  It  appeared  likely , however,  that  soma  of  the  flexural 
shear  specimens  had  failed  In  the  core  material,  rather  than  In  the  bond. 
Since  the  objective  of  the  study  was  to  determine  If  a relationship  existed 
between1  the  flexural  shear  strength  of  the  bond  and  the  flatwise  tensile 
strength  of  the  bond,  and  a Inca  flexural  shear  data  representing  core 
failures  vere  tot  pertinent  to  such  a determination,  it  was  necessary  to 
separate  these  cats  la  some  way  from  tha  data  representing  pure  bond 
failures. 

The  shear  specimens  ware  first  graded  visually  to  determine 
If  the  core  failures  would  be  discerned  from  the  bond  failures.  It  was 
found  that  some  of  the  failed  specimens  showed  obvious  and  pronounced 
core  damage  In  tha  form  of  diagonal  "shaer  lines".  A number  of  speci- 
mens showed  no  damage  to  the  core  whatsoever.  A third  group  exhibited 
buckled  cell  walls,  but  tha  damage  was  not  so  obvious  as  In  the  case  of 
the  specimens  containing  ."shear  Unas".  Since  the  flexural  shear  strengths 
exhibited  by  the  latter  group  of  specimens  were  scattered,  It  was  not  ap- 
parent whether  they  represented  core  failures  or  bond  failures.  Visual 
inspection  did  not  avpear  to  be  a real  lab le  means  of  determining  whether 
flexural  shear  specimens  had  failed  In  the  core  or  In  the  bond. 

Because  the  flexural  shear  strength  of  aluminum  hooeycoaij 
Is  strongly  affected  by  density,  it  seemed  that  scan  of  the  dispersion 
of  the  shear  strength  readings  could,  be  removed  by  adjusting  the  mag- 
nitudes of  the  readings  to  oosqpeosate  for  known  variations  In  dsnslty. 

When  this  was  dons,  some  of  tin  plotted  points  showed  a tendency  to 
level  off  at  definite  maximum  shear  strengths,  corresponding  to  tha 
inherent  strengths  of  the  cores  at  each  nominal  dsnslty.  These  points 
Wars  than  Identifiable  as  core  failures  and  were,  therefore,  not  ap- 
plicable co  the  determination  of  a correlation  between  the  shear  and 
tensile  strengths  of  the  bond.  One  obvious  fault  with  this  procedure 
was  that  coze  density  corrections  had  to  be  male  on  all  of  tbs  data, 
whereas  the  flexural  shear  strengths  of  the  spec  lee  ciTvhlch  had  failed 
in  tha  bond  were  not  influenced  by  core  density,  nor  were  the  flatwise 
tensile  results  from  the  entire  group.  In  order  to  make  the  necessary 
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density  adjustment  without  misrepresenting  a " sheer -tensile"  correlation 
in  the  bond.  It  was  necessary  to  Multiply  the  flatwise  tensile  strengths 
*y  the  saws  density- adjustasnt  factors  as  were  used  on  the  corresponding 
shear  strengths*  Although  this  practice  appears  unorthodox,  It  esa  be 
Justified  on  tfcw  following  grounds: 

(1)  rails  the  sheer  end  tensile  strengths  of  the  bonds  av* 
not  Influenced  by  core  density,  the  date  from  this  evaluation  included  sn 
unknown  cuafcer  of  sheer  failures  In  the  core,  which  did  require  density 
adjustments^  Discrimination,  among  various  spec  leans  could  not  be  used 

in  applying  th«  adjustment. 

(2)  The  ratio  of  shear  strength  to  tensile  strength  ob- 
served in  each  panel  before  an  adjustment  factor  was  applied  was  not 
changed  by  Miking  the  "djustnent,  since  the  two  quantities  were  multi- 
plied by  the  same  auafcer;  i.e.  "|x|  |c|  ■ x" 

The  adjustment  factors  used  on  the  points  In  figures  89 
through  92  were  the  ratios  of  "noedLual/aotual"  densities.  It  should 
be  noted  that  this  correction  was  not  entirely  accurate,  since  the 
shear  strength  of  honeycomb  is  not  directly  proportional  to  lte  density. 

Before  attempting  to  Interpret  the  significance  of  the 
curves.  It  should  be  noted  that  the  tensile  values  represented  by  the 
circled  points  on  Figures  89  and  90  (panels  68A  and  686)  were  believed 
to  have  been  weakened  in  sawing.  A weakening  of  the  type  bee  often  been 
observed  on  panels  having  such  low  tensile  strengths. 

A straight  dotted  line  has  been  drawn  at  n V5 -degree  slope 
on  Figures  09  and  91  representing  a condition  In  which  flexural  shear 
strength  equals  flatwise  «ecsll*  strength.  This  Slope,  drawn  arbitrarily, 
appears  to  represent  the  approximate  relationship  between  flexural  shear 
strength  In  the  bond  and  flatwise  tensile  strength  for  one  particular  ad- 
hesive and  curing  schedule,  when  shear  failure  does  not  occur  in  the  core. 
Although  there  ax*  Insufficient  data  to  accurately  define  a correlation, 
there  is  evidence  that  the  ability  of' the  bond  to  develop  the  full  flexural 
shear  strength  of  the  honeycomb  core  Material  is  related  to  the  tensile 
strength  of  the  bond,  in  the  bonding  system  under  evaluation. 

Figures  90  and  92,  which  represent  the  values  of  shear  and 
tensile  strength  at  180  ^F,  do  not  give  evidence  of  any  core  failures  at 
this  temperature.  The  nominal  1:1  ratio,  which  was  observed  to  be  generally 
applicable  between  the  two  properties  at  room  temperature,  Is  obviously  not 
in  effect  In  the  i80°F  curves.  It  should  be  noted  that  the  vide  dispersion 
of  points  on  these  curves  was  at  least  partly  attributable  to  the  fact  that 
temperature  was  adjusted  i test  condition,  separately  on  each  type  of 
specimen.  It  appeared  that  a line  drawn  to  represent  the  condition  In 
which  "sheer  * 0.7  tensile"  depleted  &r  approximate  correlation  between  the 
two  properties  at  a temperature  of  18CPF . The  fact  that  the  properties  are 
not  related  by  the  earns  factor  at  both  temperatures  makes  It  unlikely  that 
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there  la  a fixed  ratio  between  the  ahaar  and  tone  lie  strength*  af  the 
bond  for  all  formulations,  all  curing  tlaaa  and  tacyperaturea,  and  all 
teat  ta^paraturea.  Thera  la  «ri dance,  however,  that  at  any  given  aat 
of  theae  conditions,  scaa  correlation  between  flexural  ahaar  strength 
and  flatwise  tensile  strength  exist* . The  recognition  of  the  probablJ 
existence  of  such  a correlation  by  designers  and  process  engineers 
should  assist  them  in  relating  t^nding-procese  variables  to  the  service 
requirements  of  the  structures. 

Assuming  that  the  shear  strength  of  an  adhesive  such  as 
"FM-U7"  is  approximately  equal  to  ita  tensile  strength,,  it  would  be  dif- 
ficult to  consistently  develop  the  full  shear  strength  cf  al  l/U-.OOii 
core  material  with  this  adhesive*  Figure  3 in  Seotion  I,  Part  A, of  this 
report,  indicates  that  to  develop  a flatwise  tensile  strength  of  approxi- 
mately 700  psi  (equal  to  the  nominal  level  of* core  shear  strength  avail- 
able in  al  1/U-.00U  core) , a relatively  heavy  bond  is  required.  It  would 
be  almost  impossible  to  develop  the  full  cere  shear  strength  of  either 
al  l/U-  ,CCli  or  al  1/8-.002  core  at  180°F  with  such  an  adhesive.  It  should 
be  reemphasised  that  the  data  presented  here  are  exploratory  only,  and 
are  representative  of  only  one  formulation,  and  one  curing  schedule. 

There  is  no  evidence  to  Indicate  that  the  ratios  determined  here  would 
apply  to  other  conditions. 

One  "rule  of  thumb " which  has  been  used  as  a criterion  for 
bond  strength,  is  that  the  flatwise  tensile  strength  of  the  bond  should 
equal  or  exceed  the  flatwise  compressive  strength  of  the  core  material. 

This  rule  has  its  basis  in  the  theory  that  a facing  under  edgewise  com- 
pressive loading  is  equally  inclined  to  "wrinkle"  inward  or  outward,  and 
that  the  stabilising  forces  In  either  direction  should  be  of  the  same 
magnitude.  (The  rule  has  lately  been  considered  invalid  by  those  who 
had  originally  proposed  It.)  The  edgewise  compressive  data  shown  in 
Table  30  indicated  that  flatwise  tensile  strength.  In  the  normal  range 
of  values,  did  not  appear  to  affect  the  level  of  edgewise  compressive 
stress  developed  in  the  facings,  and  that  these  stresses  normally  exceeded 
the  yield  strength  of  the  metal.  In  the  case  of  Panel  No.  686,  In  which 
the  flatwise  tensile  strength  was  very  low,  the  facing  stress  developed 
in  the  edgewise  compressive  test  equaled  but  did  not  exceed  the  yield 
strength  of  the  metal,  suggesting  that  some  minimum  bond  strength  was  re- 
quired to  impart  full  stabilisation  to  the  facing.  The  characteristics 
of  the  failures  (sketched  in  Table  30)  showed  no  discernible  trend  as 
flatwise  tensile  strength  was  Increased. 

The  results  of  the  edgewise  compressive  tests  cannot  be  con- 
strued to  prove  or  disprove  the  rule  that  the  flatwise  tensile  strength  of 
the  bond  should  equal  or  exceed  the  flatwise  compressive  strength  of  the 
cora  for  the  following  reasons : 

1.  In  all  of  the  panels  in  the  evaluation,  Core  compressive 
strength  was  of  a high  order,  and  In  no  ease  did  the 
flatwise  tensile  strength  in  the  bonds  equal  the  core 
compressive  strength,  as  the  rule  requires. 
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The  degree  of  flatness  of  the  specimen*  evaluated  here 
was  optimistic  In  view  of  the  flatneea  which  is  normally 
tolerated  In  the  facing*  of  flat  panels  made  In  pro- 
duction. Although  the  core  was  sliced  by  production 
method?;  '*ith  no  special  tolerances,  there  were  no  core 
splices  or  Inserts  which  might  cause  thickness  irregu- 
larities. It  is  possible  that  facings  which  contain 
normal  flatness  Irregularities  resulting  from  core  - 
thickness  differences,  splices,  etc.,  say  require  bonds 
haring  flatwise  tensile  strengths  of  the  same  order 
es  the  flatwise  compressive  strengths  of  the  cores, 
to  achieve  optimum  stabilization* 


The  theory  of  the  wrinkling  of  th«  facings  of  sandwich 
construction  indicates  that  the  strength  of  a sandwich  part  loaded  In 
edgewise  compression  Is  s function  of  the  shear  modulus  of  the  core}  not 
Its  strength  In  compression  or  shear.  The  mathematical  analysis  required 
to  determine  the  adequacy  of  s given  core  material  Is  relatively  complex, 
even  when  the  effects  of  flatness  irregularities  are  Ignored.  These 
analyses  do  not  In  themselves  Indicate  the  absolute  level  of  bond  strength 
or  the  relationship  of  bond  strength  to  core  compressive  strength  which  are 
required  to  Impart  full  stabilization  to  the  facings. 


In  general,  the  rule  that  the  flatwise  tensile  strength  of 
the  bond  should  equal  the  compressive  strength  of  the  core  appears  conserva- 
tive, but  reasonable,  on  the  heels  of  most  available  criteria. 


It  can  be  generally  concluded  from  these  exploratory  evaluations 
that  thera  should  be  some  attempt  to  correlate  sheer  strengths  developed 
In  the  bond  with  flatwise  tensile  strengths  In  individual  adhesive  systems. 

The  fact  that  parameters  such  as  cell  size,  bond  weight,  and  bond  config- 
uration have  proven  to  have  a definite  effect  upon  flatwlee  tensile  strength 
makes  It  obvious  that  discretion  la  required  In  choosing  a bond  which  will, 
develop  the  full  shear  properties  of  a given  core  material. 


One  fact  which  came  to  light  In  discussions  with  designers 
and  process  engineers  should  be  mentioned  here.  There  Is  s growing  belief 
In  the  industry  that  the  simplified  flexural  shear  formula,  Ss  ■ P , 

b ( h+c ) 

does  not  accurately  dapiot  the  Influence  of  facing  thickness  on  the 
apparent  shear  strength  of  the  core  material.  It  has  often  been  ob- 
served that  cores  develop  lover  shear  strengths  when  lighter  facings 
are  used.  (The  relatively  low  values  of  apparent  core  shear  strength 
in  evidence  on  the  curves  tend  to  substantiate  this  belief. ) There  has 
been  some  criticism  of  the  use  of  heavy-gage  facings  in  the  qualification 
of  haneyeonb  cores.  It  has  appeared  likely  that  the  variety  of  span 
lengths  and  systems  used  by  various  laboratories  and  manufacturers 

has  contributed  to  discrepancies  in  flexural  shear  results.  In  general, 
longer  opens  appear  to  give  more  pessimistic  values  of  oors  shear  strength. 
The  apparent  shear  strength  of  core  materials,  as  date  mixed  in  various 
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tests,  la  asnatlM#  downgraded  by  premature  compressive  failures  under 
the  leading  pods*  particularly  "here  single-point  loading  la  used.  The 
effects  of  facing  gaga  and  loading  procedure  on  apparent  eora  ahoar 
strength,  uaing  tba  formula  la  question,  bant  not  been  investigated  In 
thla  project . 


It  la  generally  believed  that  the  plate  cheer'  teat  devel- 
oped by  Forest  Products  Laboratory  la  a more  reliable  and  definitive  test 
of  the  strength  of  core  material  than  la  the  flexural  shear  test.  One 
reason  for  this  belief  la  that  the  effect*  of  facing  thickness  are  not 
present  In  the  plate  shear  test.  Most  designers  prefer  to  use  flexural 
shear  data, however,  since  flexural  loading  of  the  sandwich  is  prevalent 
in  actual  practice,  and  the  flexural  sheer  test  requires  no  special 
bonds  to  be  made  on  the  spec  loans. 

Although  it  is  jens rally  veil  known  throughout  the  Industry, 
it  is  pertinent  to  note  here  that  a ore  thickness  has  mom  influence  on 
the  apparent  level  of  core  shear  strength.  Shin  core  slices  develop 
higher  apparent  core  shear  strengths.  The  extent  to  which  this  charac- 
teristic is  observed  In  any  one  evaluation  probably  depends  on  the 
particular  loading  system  and  panel  dimensions  used. 
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Ct>r«;  5-ainute  yreheat  at  nontaot  praaaura;  on#  k jar  at  Jla 5°F,--  35  pal. 

ri**,rt**  *«oailaat  recs  temperature,  and  *)<*.  Six- inch-span  flexural  taat 
in  rl  -bon  cUre^Uan  on  three -inch-wide  specimen  a*  no oa  taaparaturs  and  I8o°F,  Mm*- 

aaofc  an?’r*,,il*  °°  * * 3‘lnoh  llill*d*  ol*"p*  *P»«***n*  el**P  height  7/8  inol»s, 


Rotas t 1,  Saa  Figures  85  to  92  Top  graphical  present*  tl  of  shear 
*•  Heat  teats  run  as  specimens  raachad  teat  temp  atura. 


tanaila  results. 


] 

i 

FAC 

ISO 

R5 

HE 

RE 

corat 

TBI3IUC 

FLEXURAL  SHEAS 

I HXJEVISB  COMPRESSION 

j! 

Q 

<■1  • 

I 

ill 

it" 

1 

J 

jj 

1 

2cob_ 

IfW- 

1 180*1 

Iroc»  Tom. 

i6o°r.  _ 

8 

lk\ 

8 

1 

8 

1 

1 

78 

n 

1 

1 

1 

88 

684 

248 -T3 

.051 

.062 

.012 

.055 

L/8-.ooe 

1*0** 

3S5 

368 

01 

205 

212 

M 

52.100 

688 

tf 

•f 

.063 

.060 

.066 

m 

53 

E5 

300 

292 

N 

206 

200 

M 

40,400 

681 

(t 

N 

.062 

SB 

•057 

1A-.003 

BIO 

203 

H 

225 

217 

N 

148 

143 

U 

50,500 

578 

ft 

H 

.080 

0 

.140 

K 

tf 

380 

a 

1*00 

1*00 

D 

9 

9 

mm. 

58,000 

577 

It 

II 

.090 

.009 

.107 

H 

fl 

6.% 

166 

468 

m 

9 

31*7 

347 

El 

H 

A, 300 

703 

If 

K 

■<*5 

.008 

.091 

lA-oo4 

ff 

8.3 

*46 

430 

296 

35 

l*5o 

433 

N 

183 

N 

57,300 

IHEsbS 

685 

tl 

H 

.046 

.013 

.101 

i/4 -.003 

ff 

6.3 

*91 

466 

315 

00 

4o5 

386 

D 1 

230 

N 

57,500 

656 

758 ^16 

.040 

•047 

.008 

.097 

1/8-.006 

M 

7.5 

>29 

561 

371 

.95 

5io 

541 

m 

232 

246 

N 

32,000 

657 

2A8-T3 

.051 

.047 

.098 

N 

If 

7.9 

551 

559 

465 

*71 

530 

538 

D 

276 

200 

N 

... 

686 

It 

H 

.047 

.013 

• 099 

1/4 -.003 

If 

5.9; 

536 

590 

398 

*01 

393 

395 

D ! 

332 

334 

D 

61,500 

653 

•059 

.049 

.008 

•098 

l/8- . 006 

•375 

7.1 

587 

661 

354 

598 

527 

592 

D 1 

267 

300 

D i 

61,600 

tWOuja 

655 

It 

If 

.047 

.0C8 

095 

1 If 

•685 

r-9 

589 

595 

445 

•50 

565 

571 

D 

286 

292 

D 

55,900 

65* 

If 

n 

.048 

.009 

106 

N 

1.00 

9.4 

^09 

579 

446 

480 

637 

607 

— 

421 

4oi 

a 

67,400 

jlBiitihiil 

659 

»l 

.051 

Nona 

.054 

058 

L/4-.004 

•625 

9.6 

926 

581 

385 

355 

620 

578 

D 

327 

304 

N 

60,200 

658 

ff 

, *i 

Kona 

.053 

0^1 

L/8-.0C6 

tf 

7.9 

723 

732 

4lC 

415 

593 

600 

E 1 

308 

312 

M 

51,100 

9 ' • 1 nj 

576 

It 

1 » 

.050 

.0109 

105 

tf 

N 

L£l 

si_ 

nm 

**  " " . 

*-’  " " _ 

m 

m 

— 

L_^ 

* Adjusted  by  ratio  of  Purpoea  of  oorre-  loo  ia  to  data rain*  by  graphical  Means  which  shear 

epeolmens  failed  in  - /c^naterial.  *Aa«umad  nominal  densities  1/8-0.002  • 8.0  lbs/ou.ft.  1/4-0.004  • 6.0  lbs/ou.ft. 
1/4-0.003  ■ 6.0  lbs/ou.ft. 


**  Flatwiea  tanaila  apacimana  believed  to  hare  bean  weakened  by  awing. 

m Flexural  shear  failures  graded  by  the  following  oodsi  "R*t  > oora  damage  observable,  "D" i aoma  buokltag  damage 
to  call  walla,  "D 1*1  pronouneed,  diagonal,  "ahaar-linaa"  In  ' ill  walla. 
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Figures  09  k 90*  Exploratory  comparisons  flexural  shear 

rtrangth  (S.  i.  ) on  6-inoh-apsm , 3 Inches  wide,  TB* 

flatwise  tensile  strength)  room  temperature  and  180°F,  Nominal 
oore  density  “ 9 lbs/ou,  ft  in  two  call  aisas.  All  ?aluss 
adjusted  by  ratio  of  nominal/aetual  oore  densities  to  show 
correct  heights  of  points  with  respect  tv  shearing  strength 
of  oore. 
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figures  91  A 92 1 Exploratory  comparisons  of  flexural  shear 

strength  ^SB  ■ rb(hr*c7^  0,1  ^ “inch  spans,  3 inches  wide,  vs. 

flatwise  tensile  strength)  roost  temperature  and  180°F.  Nominal 
core  density  " 6 lbs/cu.  ft.  in  1/U-inoh  cell  siaa.  AH  Talus s 
adjusted  by  ratio  of  nosiinal/aotual  ooro  densities,  to  show 
correct  heights  of  points  with  respect  to  shearing  strength 
of  oore 
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governmen^'  or  other  drawings,  specifications  or  other  data 

nnvpDuwi?  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
iSSSSSS,  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
N0K  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
^O^ULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
rwni  SPECIFICATIONS,  OR  OTHER  DATA  XS  NOT  TO  BE  REGARDED  BY 

**  W ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
011  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  “MAY  IN  ANY  WAY  BE  RELATES  THERETO. 


